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(54) Color-change materials 

(57) A color-change material has a reversibly ther- 
mochromic layer and a porous layer containing a low- 
refractive-index pigment. The color-change material 
changes its color in response to heat or water. The 
reversibly thermochromic layer and the porous layer are 
superposed on each other, or the reversibly thermo- 
chromic layer and the porous layer are formed side by 
side. Alternatively, a color-change material has a sub- 
strate and formed thereon a color-changing porous 
layer including a reversibly thermochromic material, a 
low-refractive-index pigment, and a binder. The reversi- 
bly thermochromic material and the pigment are dis- 
persed in the binder and tenaciously adherent thereto. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention s 

[0001] The present invention relates to color-change 
materials. More particularly, this invention relates to 
color-change materials whose appearances change 
from their ordinary ones upon application of heal and/or 10 
a medium such as water. 

2. Description of the Related Art " 

[0002] Thermochromic articles obtained by process- is 
ing reversibly thermochromic materials have conven- 
tionally been used extensively in the fields of toys, 
ornaments, etc. On the other hand, converted papers 
are known which have a porous layer containing a low- 
refractive-index pigment and which, upon liquid absorp- so 
tion, becomes transparent and develops a colored 
image not seen in their ordinary state (see, for exampie, 
Unexamined Japanese F*atent Publication No. She. 50- 
5097). 

25 

SUMMARY OF THE INVENT ION 

[0003] It is an object to provide coicr-changs aTtaleriais 
which employ a reversibly ihermochromic material and 
a low-refractive-index pigment in combination and pro- so 
duce, due to the combined use ct these, a multiple 
effect net attainable by materials comprising either the 
reversibly thermochromic material or tivi pigment, and 
which are intended to be used in applications in the 
fields of toys and ornaments. & 
[0004] According to the present invention, a color- 
change material comprises a reversibly thermochromsc 
layer and a porous layer containing a low-refractve- 
index pigment; wherein tha color-change material 
changes its color in response to heat or water. <o 
[0005] According to the present invention, a color- 
change material comprises a substrate and formed 
thereon a color-changing porous layer which comprises 
a reversibly thermochromic material, a low-refractive- 
index pigment, and a binder, the reversibly thermochro- 45 
mic material and the pigment being dispersed in the 
binder and tenaciously adherent thereto. 
[0006] These color-change materials can effectively 
exhibit a variety of color changes based on a combina- 
tion of the function of thermally changing their colors so 
with changing temperature in an ambient-temperature 
range and the function of changing the degree of trans- 
parency between a transparent state and an opaque 
state upon application of a medium, e.g., water. Since 
these changes in appearance can be reversibly repro- 55 
duced repeatedly, the color-change materials can be 
used in applications in the fields ov toys, designs, fash- 
ion, ornaments, etc. 
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BRIEF DESCRIPTION OF THE DRAWINGS A A:. 

aA^ 

[0007] " In the accompanying drawings: — 

Fig. 1 is a vertical sectional view illustrating one* ) 
embodiment of the color-change materials of the 
invention; ^ ' v ^ ' ' ' 

Fig. 2 is a vertical sectional view illustrating another 
embodiment of the color-change materials of the 
invention; - 1 ■ . < 

Fig. 3 is a vertical sectional view illustrating still 
another embodiment of the color-change materials" • 

of the invention; - ~ ^ . ... 

Fig. 4 is a vertical sectional view illustrating a fur- - 
ther embodiment of the color-change materials of 
the invention; . 
Fig. 5 is a vertical sectional view illustrating still a 
further embodiment of the color-change materials 
of the invention; 

Fsg. 6 is a yertical sectional view illustrating still a * 
further embodiment of the color-change materials 
of the invention; 

Fig. 7 is a vertical sectional view illustrating still a 
further embodiment of the color-change materials 
of the invention; 

Fig. 3 is a vertical sectional view illustrating still a 
further embodiment of the color -change materials 
of ths invention; 

Fig. 9 is a vertical sectional view illustrating still a 
further embodiment cf tho color-change materials 
of % the invention; 

Fig. 10 is a vertical sectional view illustrating still a 
further embodiment of tho color-change materials 
cf the invention; r ~ * ' ~ ' 

Fig. 1 1 is a vertical sectional view illustrating still a 
further embodiment of the color-change materials 
of the invention; 

Fig. 12 is a vertical sectional view illustrating still a 
further embodiment of the oolor-change materials 
of the invention; 

Fig. 13 is a vertical sectional view illustrating still a 
further embodiment of the color-change materials 
of the invention; 

Fig. 14 is a vertical sectional view illustrating still a 
further embodiment of the color-change materials 
of the invention; 

Fig. 15 is a vertical sectional view illustrating still a 
further embodiment of the color-change materials 
of the invention; 

Fig. 16 is a vertical sectional view illustrating still a 
further embodiment of the color-change materials 
of the invention; 

Fig. 1 7 is a schematic view showing a three-dimen- 
sional structure of a dry-process finely particulate 
silicic acid; and 

Fig. 18 is a schematic view shewing a two-dimen- 
sional structure of a wet-process finely particulate 
silicic acid. 
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DETAILED DFSHRIPTION OF THE INVENTION 

[0008] Detailed description of the present invention 
will be described as follows. 

[0009] The present invention provides a color-change 
material having a reversibly thermochrornic layer and a 
porous layer containing a low-refractive-index pigment 
and changes its color in response to heat or water. The 
features of this invention reside, tor example, in that the 
reversibly thermochrornic layer and the porous layer 
containing a low-refractive-index pigment is super posed 
on each other; that the reversibly thermochrornic layer 
and the porous layer containing a low-refractive-index 
pigment are formed side by side; that the color-change 
material is constituted by a substrate, the reversibly 
thermochrornic layer formed on the substrate, and the 
porous layer formed on the reversibly thermochrornic 
layer; that the color-change material has a substrate, 
the reversibly thermochrornic layer formed on the sub- 
strate, the porous layer formed on the reversibly thermo- 
chrornic layer, and a reversibly thermochrornic image 
pattern layer formed on the porous layer; that the color- 
change material has a substrate, the porous layer 
formed on the substrate, and the reversibly thermochro- 
rnic layer formed on the porous layer; that the color- 
change material has a substrate, the porous layer 
formed on the substrate, the reversibly thermochrornic 
layer formed on the porous layer, and a porous image 
pattern layer formed on the reversibly thermochrornic 
layer; that the reversibly thermochrornic layer and/or the 
porous layer is an image pattern layer; or the like. 
[001 0] The present invention further provides a color- 
change material having a substrate and formed thereon 
a color-changing porous layer which contains a reversi- 
bly thermochrornic material, a low-refractive-index pig- 
ment, and a binder, the reversibly thermochrornic 
material and the pigment being dispersed in the binder 
and tenaciously adherent thereto. The features of this 
invention reside, tor example, in that the proportion of 
the reversibly thermochrornic material to the low-refrac- 
tive-index pigment is from 1 :9 to 9:1 by weight; and that 
the proportion of the sum of the reversibly thermochro- 
rnic material and the low-refractive-index pigment to the 
binder is from 2:10 to 102 by weight: " c-vj - . . • 
[0011] Examples of the reversibly thermochrornic 
material used for forming the reversibly thermochrornic 
layer include reversibly thermochrornic materials each 
containing three ingredients consisting of an electron- 
donating color-developing organic compound, an elec- 
tron-accepting compound, and an organic compound 
medium which reversibly causes the color reaction 
between the two compounds, and further include liquid 
crystals. Ag 2 Hgl 4 , and Cu 2 Hgl 4 . 
[0012] Specific examples of the reversibly thermo- 
chrornic materials containing the three ingredients con- 
sisting of an electron-donating color-developing organic 
compound, an electron-accepting compound, and an 
organic compound medium which reversibly causes the 



color reaction are given in, U.S^Patents . 4.028.1 j 8, 1£fC . 
4,732,810. and 5,558,700 .^Thisj Wnd c of, : rmterial u7 
changes its color at a given temperature (point qf color) 0l 
change) and. in the, orciinar^temperat^ 

5 present only in a specific one of, the two, states ctoown ^\ 
respectively before and after the ratoir^change^/Uthough ^ 5 
the other state is maintained 'asjong as tlWtietf or^cT 
necessary to this state is kept being applied, the mate-. !; 
rial returns, upon removal oftfre heat .pM^Jto tte^ 

re state shown in the ordinary temperate range Namely,' 7i 
this material is of trie type which changes fts color while . , 
showing a small hysteresis width (AH) wfo respect to _ . 3 
the temperature-color density relationship with chang-,,;., 
ing temperature.., 4 . ?;r >, ^am&#rt tSi'K ^fe:- " 

is [0013] Also effective are the thermochrornic color- , 
memory materials proposed in U.S. fatents 4,720,301 : 
and 5,558.699 by the present applicant, which change t;t . 
their colors while showing a wide hysteresis width, Spe-v . 
cifically, these thermochrornic materials are of the type , 

20 in which the curve obtained by plotting the change in*- 
color density with changing temperature differs consid; , r t 
erably in shape between the case in which the temper-,^ \ 
ature is elevated from the lower-temperature side of the ;s:i 
color change temperature range and the reverse case in . 

25 which the temperature is lowered from the higher-tern-, 
perature side of the color change temperature range. - 
These materials are reversibly thermochrornic materials 
characterized in that they can memorize and retain their 
state experienced at temperatures not higher than the 

so lower-temperature-side point of. color change or not . 
lower than the higher-temperature-side point of color 
change, after they have returned to the prdinary temper- r 
ature range between the lower-temperature-side pointy 
of color change and the higher-temperature-side point , 

35 of color change. > t vmv>< issr.^l em ivfevi-: ^ 

[0014] . Although the above-described reverstoly ther- ; 
mochromic material containing the three ingredients ■ 
consisting of an electron-donating cok>r<leveloping 
organic compound, .an ; electron-accepting compound, - 

40 and an organic compound medium which reversibly 
causes the color reaction can be effectively used as it is, 
the material is preferably used after having been micro- 
encapsulated. This is because the, microencapsulated. ^ 
reversibly thermochrornic material can retain the same y, 

45 composition and produce the same effect under various Vl 
use conditions. an^b^d^r'*^ i ,ji -vr v-v.i; ' 

[0015] By the microencapsulation, a chemically^and , 
physically stable pigment can be constituted. Microcap-, r 
sules suitable for practical use have a particle diameter 

so of generally from 0.1 to 100 jim, preferably from 1 to 50 r 
jim, more preferably from 2 to 30 nm. 
[0016] . For the microencapsulation, conventionally t 
known techniques may be used, such as, e.g., the inter-- 
facial polymerization method, in-situ polymerization : 

55 method, coating method in which curing is conducted in ; 
a liquid, phase separation from an aqueous solution, , 
phase separation from an organic solvent, fusion dis- 
persion cooling method, coating method in which a stis- 
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pension in air is used, and spray drying method. A 
suitable method may be selected from thess according 
to uses. Prior to practical uss, the microcapsules may 
be coated with a secondary resin film to impart durabil- 
ity thereto or modify the surface properties thereof. " : c: 5 
[001 7] The reversibly thermochromic material (prefer- 
ably microcapsules containing the reversibly thermo- 
chromic material encapsulated therein) may be used to 
form a reversibly thermochromic layer by dispersing the 
material into a vehicle containing a tender serving as a 10 
film-forming material to prepare a coloring material, 
e.g„ an ink or coating composition, and applying the 
coloring material on any of various substrates. It is also ' 
possible to use the reversibly thermochromic material to 
form a substrate which itself has reversbly thermochro- is 
mic properties by dispersing the reversfoly thermochro- 
mic material into a thermoplastic resin or thermosetting 
resin and forming the dispersion into a sheet or any of 
other various shapes. 

[0018] The binder is preferably a transparent film- 20 
forming resin, examples of which are as follows. - 
[001 9] Examples of the binder include sonomer resins, 
isobutylene/maleic anhydride copolymer resins, acryio- 
nrtrile/acrylic styrene copolymer resins, acry1onitri1e/sty» 
rene copolymer resins, acr/lonitrila/lxjisdiene/styTone 25 
copolymer resins, acrylonitrile/chlorirtated polyethyt- 
ene/styrene copolymer resins, elhylene/viny! chloride 
copolymer resins, ethyiene/viny! acetate copolymer res- 
ins, ethylene/vinyl acetate/vinyl chloride graft copolymer 
resins, vinylidene chloride resins, vinyl chloride resins. 30 
chlorinated vinyl chloride resins, vinyl chlorideMnylh 
dene chloride copolymer resins, chlorinated polyethyl- 
ene resins, chlorinated polypropylene rssins. polyamide 
resins, high density polyethylene resins, medium-den- 
sity polyethylene resins, linear low-density polyethylene 35 
resins, pcly(ethytene terephthalate) resins, pcly(birty~ 
lene terephthalate) resins ; polycarbonate resins, poly- 
styrene resins, high-impact polystyrene resins/ 
polypropylene resins, poly(methylstyrene) resins, 
poly(acrylic ester) resins, po!y(methyl methacrylate) 40 
resins, epoxy acrylate resins, alkytphenoS resins, rosin- 
modified phenolic resins, rosin-modified alkyd resins, 
phenol-modified alkyd resins, epoxy-modified alkyd res- 
ins, styrene-modified alkyd resins, acrylic-modified 
alkyd resins, aminoalkyd resins, vinyl chloride/vinyl ace- 45 
tate resins, styrene/butadiene resins, epoxy resins, 
unsaturated polyester resins, polyurethane resins, vinyl 
acetate emulsion resins, styrene/butadiene emulsion" 
resins, acrylic ester emulsion resins, water-soluble 
alkyd resins, water-soluble melamine resins, water-sol- so 
uble urea resins, water-soluble phenolic resins, water- 
soluble epoxy resins, water-soluble polybutadiene res- 
ins, cellulose acetate, cellulose nitrate, and ethyl cellu- 
lose. 

[0020] The porous layer is a layer containing a tena- 55 
ciously adherent low-refractive-index pigment dispersed 
in a binder resin. This layer in a dry state hides the 
underlying layer, and becomes transparent or translu- 



cent upon absorption of a liquid medium, e.g„ water, to 
make the underlying layer perceptible. When the wit 
part of the porous layer dries. it returnsjo the^origin^.^ 

[0021 ] In the case where the porous layer, contains a 
colorant, the dry layer is in a colored opaque state and I./, 
hides the underlying layer. Upon absorption of a liquid c 
medium, e.g., water, this porous layer comes into a v . 
colored transparent or colored translucent state to make , * 
the underlying layer perceptible. When Jhe. wet part, of 
this porous layer dries, it returns to the original state. 4 r » 
[0022] Examples of the low-refractiye-index pigment • 
include finely particulate silidc acids, a barite powder, ; 
precpitated barium sulfate, barium, carbonate, precipi- 
tated calcium carbonate, gypsum, . clay, talc, alumina - 
white, and basic magnesium carbonate. These pig- ; 
merits have refractive indexes in the range of from 1 .4 to ; - 
1.7 and show satisfactory transparency after water : 
absorption. In the present invention the refractive index 
of the pigment is preferably in the range of 1 .4 to 1 .7 as - 
described above. If it is less than 1.4, the pigment has i0 
transparency so that it is difficult to hide a lower layer in 1? 
a dry state. If st is more than 1 .7, the color-change mate: , : 
rial does not have transparency even if it absorbs water. 
[0023] Although the particle diameter of the low- 
refractive-index pigment is not particularly limited, it is 
preferably from 0.03 to 10.0 fim. r ^ . j - • 
[0024] Two or more low-refractive-index pigments may 

be used in combination. c 

[0025] Preferred !ow-refractive-index pigments include ; 
f inely particulate silicic acids. Finely particulate sjlicic 
acids are produced as noncrystalline amorphous silicic-- 
acid, and are roughly classified by production process 
into two groups: the silicic acid produced by, the dry t 
process based on a vapor-phase reaction such as the 
pyrolysis of a silicon halide, e.g., silicon tetrachloride 
(hereinafter referred to as "dry-process finely particulate 
silicic acid"); and that produced by the wet process 
based on a liquid-phase reaction such as the decompo- 
sition of, e.g., sodium silicate with an acid (hereinafter 
referred to as "wet-process finely particulate silicic 
acid"). Although both types can be used, wet-process 
finely particulate silicic acid is more preferred. This is r 
because systems containing wet-process finely particu- „ 
late silicic acid have higher hiding properties in the ordi-,;, 
nary state than systems containing dry-process finely 
particulate silicic acid. Consequently, use of, the wet- 
process silicic acid can heighten the proportion of a 
binder resin to finely particulate silicic acid to thereby . 
improve the film strength of the porous layer. - : _ 
[0026] As stated above, the finely particulate silicic 
add used fa enabling the porous layer to show satisfac- 
tory hiding properties in the ordinary state is preferably 
wet-process finely particulate silicic acid. The reasons, 
for this preference of wet-process silicic acid are as fol- 
lows. Dry-process finely particulate silicic acid differs in 
structure from wet-process finely particulate silidc add. 
Specifically, dry-process finely particulate silidc acid 
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has a three-dimensional structure constituted "of 'Vj 
densely linked silicic acid molecules as shown in Fig. 

1j . . - ijc c- r r..v. c:i';3^2 .;> v., • 

[0027] On trie other' hand, wet-process finely particu- r 
late silicic acid 'has two<limensionar ; s1ructure" parts 5 
each constituted of a long arrangement of molecular * ■'■ 
units formed by the condensation of silicic acid; as< 
shown in Fig.'18'The molecular sfructure^of ^61^00-^"'' 
ess finely particulate silicic acid is hence coarser than » '* 
that of dry-process finely particulate silicic acid. It is ic 
therefore presumed that a porous layer containing wet- 
process finely particulate silicic acid is excellent in irreg- 
ular light reflection in a dry state and hence has * 
enhanced hiding properties in the ordinary state, as 
compared with a system containing dry-process finely is 
particulate silicic acid. 

[0028] The low-refractive-index pigment contained in 
the porous layer desirably has moderate hydrophilicity ; 
because the medium which penetrates into the layer is ; 
mainly water. In this point, wet-process finely particulate 20 
silicic acid is preferred because it has a larger amount of ^ " 
hydroxyl groups present as silanoi groups on the parti- ;: 
cle surface and is hence more hydrophilic than dry- . 
process finely particulate silicic acid. 
[0029] In the case of using wet-process finely particu- 2s 
late silicic acid as a low-refractive-index pigment, the 
application amount thereof is preferably from 1 to 30 
g/m 2 more preferably from 5 to 20 g/m 2 from the stand- 
point of satisfying both hiding properties in the ordinary 
state and transparency after water absorption, although 30 
it varies depending on the properties of the wet-process 
finely particulate silicic acid, e.g., the kind, particle 
diameter, specific surface area, and oil absorption 
thereof. If the amount thereof is smaller than 1 g/m 2 , it is 
difficult to obtain sufficient hiding properties in the ordi- 36 
nary state. If the amount thereof exceeds 30 g/m 2 , it is 
difficult to obtain sufficient transparency after water 
absorption. ' -/'' 

[0030] The low-refractive-index pigment is dispersed 
into a vehicle containing a binder resin, and the disper- 40 
sion is applied and then dried to remote the volatile 
ingredient to thereby form a porous layer. - - , 
[0031 ] Examples of the binder resin include urethane i+ 
resins, nylon resins, vinyl acetate resins, acrylic ester, n 
resins, acrylic ester copolymer resins, acrylic polyol res- 45 
ins, vinyl chloride/vinyl acetate copolymer resins, maleic- 
acid resins, polyester resins, styrene resins, styrene 
copolymer resins, polyethylene resins, polycarbonate M 
resins, epoxy resins, styrene/butadiene copolymer res-' 
ins, acrylon'rtrile/butadiene copolymer resins, methyl so 
methacrylate/butadiene copolymer resins, butadiene 
resins, chloroprene resins, melamine resins, carboxy- 
lated SBR resins, carboxylated NBR resins, emulsions, 
of the resins enumerated above, casein, starch, cellu-~ 
lose derivatives, polyvinyl alcohol), urea resins, phe- 55 
nolic resins, and epoxy resins. 
[0032] As compared with conventionally known gen- 
eral coating films, the porous layer described above has 
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a smaller binder resin proportion to the pigment andjs ew 
hence less apt to have sufficient film strength. Conse^ 0 j 
quently, .for use in applications, where ^washing resist^ 
ance and^ abrasion resistance^ ^SJ^^^Q&r'^m 
preferred to use a ur^hane, resin or^cn^^n!^^^. 
binder resin pr as part ;of the birrfer jesin^,' ; ^ \ 
[0033] , Examples of the. urethane resin include polyes- ^ 
ter urethane resins, polycarbonate urethane resins, and^ 
polyether urethane resins. A combination of two.or rore 0; * 
of such urethane resins may be used. It is also pcesiUe^ 3 
to use either a urethane emulsion resin which is jan^; 
aqueous emulsion of any of ^e.abcrye.resins or a cqlloi-^ 
dal dispersion type (ionomer " type) urelhan . resin i iq 
obtained by causing a urethane resin .having tonicity^ 
(urethane ionomer) to dissolve or disperse in water by ? 
means of self-emulsification based on its ionic groups 
without the aid of an emulsifying agent ^ grupnfcrfc ic:oo 
[0034] The urethane resin may be either a water-corn- r! 
patible one or an oil-compatible one. However, a watery v 
compatible urethane resin,- in particular, a urethane^ 
emulsion resin or colloidal dispersion Jype ( urethane OD 
resin, is preferably U6ed..,h<& ton ssob bne ssrasrto ^.o? 
[0035] Although the urethane resin can be used,alpne, tC1 
it may be used in combination with one or more other - 
binder resins according to the kind of the substrate and - - 
the performances required of the f ilm, in the case where 
a combination of the urethane resin with other resin(s) is 
used, the content of the urethane resin is preferably reg- - 
ulated to at ieast 30% by weight on solid basis based on*,, 
all binder resin in the porous layer in order to obtain film 
strength sufficient for practical use. r 0 i * r'cts^ ; ^ 
[0036] When a crossiinkaWe binder resin is used, ;the c -l 
film strength can be further improved by adding any :r 
desired crosslinking agent to crosslink the ;esjn.; mai i-, orn 
[0037] The binder resins enumerated above vary in >■ 
aff ireit>- for media. By using a suitable combination of two -j 
or more of these, it . is possible .to regulate the time ie 
required for a medium to penetrate into the porous layer, -* 
the degree of penetration, and the rate of drying after - 
penetration. It is also possible to control the penetration i 
time, degree of penetration, and rate of drying after pen- 
etration by suitably adding a dispersant ( ; - v ft :;k 
[0038] i:: According to the present invention, - a. color- h 
changing porous layer which has a reversfoly thermo-,.-, 
chromic material, a low-refractiverindex pigment, and a 
binder and in which the reversibly thermochromic mate- jC 
rial and the pigment are dispersed in .the binder and J ( 
tenaciously adherent thereto may be formed on a 6ub- *j 
strate. '< .jiv/** ; ,*■■-.* to pot-: sv.. ! <> »j,ivY < 
[0039] In the color-changing porous layer, the propor- t 
tion of the reversibly thermochromic material to the low- 
refractive-index pigment is preferably from .1 .-9 to 9:1 by ^ 
weight. ; - T 'v<-:s :.^i^v 

[0040] The above proportion range is necessary for,} 
satisfying both the color change with changing temper- r 
ature of the reversibly thermochromic material and the 
functions of the low-refractive-index pigment, Le., the^ 
hiding properties in a dry state and transparency after 
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water application. That proportion is preferably from 2:8 - 
to8:2. -■• *- ' ■ ' ■ 2v > : r ' r v < 
[0041] If the proportion of the reversibly therrnochro-" - 
mic material is too low and thai of ihe low-refractive- '•• 
index pigment is too highrihe* oolor-c^a 5 
layer shows poof transparency after application of 
water, although excellent in hiding properties in a dry J 
state due to the low-refractive-index pigment. In addi- 
tion, the reverstoly thermochromic material in its colored - 
state has an insufficient color density. This color-chang- - to 
ing porous layer therefore shows an unclear color : 
change and does not satisfy properties required for 
practical use! ; ' - 
[0042] On the other hand, if the proportion of the 
reversibly thermochromic material is too high and that of 75 
the !ow-refractive-index pigment is too low, not only the 
cotor-changing porous layer in its decolored state has a 
residual color due to the thermochromic material, but 
also the layer shows poor hiding properties in a dry 
state due to the low-refractive-index piginerrt. This - so 
color-changing porous layer therefore shews an unclear 
color change and does not satisfy properties reqitiod * 
for practical use. V • • •• " * ; 

[0043] Also in the case of using a microcapsule pig- 
ment containing the reversibly ihermochromie material ?s 
encapsulated therein, the proportion by weight of the 
material is preferably the same as the above. 
[0044] In the color-changing porous layer, the propor- 
tion of the sum of the reversibly thermochromic material 
and the tow-refractive-index pigment to ihe binder is -.-ao 
preferably from 2:10 to .10:2. 
[0045] The above proportion range & necessary for 
satisfying not only the functions of the reversibly ther- 
mochromic material combined with the low-refraetive- 
index pigment, i.e., the color change with changing tern- 35 
perature, hiding properties in a dry state, and transpar- 
ency after water application, but also ihe durability of - 
the film. That proportion is preferably from 3:10 to "!Q:3. 
[0046] If the proportion a? the sum of the reversibly .* 
thermochromic materia! and the io^-refractive-index to 
pigment is too low and that of the binder is too high, the . 
color-changing porous layer is less apt to show a 
desired appearance change with a temperature change 
or upon water application. ' ' f ' 
[0047] On the other hand, if the proportion of the sum 45 
of the reversibly thermochromic material and the low- 
refractive-index pigment is too high and that of the 
binder is too low, the film has poor durability r * - * 
[0048] Also in the case of using a microcapsule pig- 
ment containing the reversibly thermochromic material so 
encapsuled therein, the proportion by weight of the sum 
of the reversibly thermochromic material and the pig- 
ment is preferably the same as the above. 
[0049] Examples of the substrate include cloths such 
as woven fabrics, knit fabrics, braiding, and norrwoven 55 
fabrics, papers, synthetic papers, flocked fabrics, raised 
fabrics, artificial leathers, leathers, plastics, glasses, 
ceramics, woods, and stones. A!i of these are effective. 



[0050] * When a constitution according to the present £ri 
invention having a reversibly thermochromicjayer which 2b 
itself serves as a substrate and a porous layer formed 
on the reversibly thermochromic fay^Js^rought jnto^ 
contact with a medium ,, e g.! , water, haying a!terrpera^ 
ture jn the range where the rwersiW^ . 
layer does rot urdergo^a ^lor " 
medium penetrates into the porous layer fo make this ; ' 
layer transparent wtiereby 

reversibly thermochromic layer is perceiv^^ ? - ^ ^ 
[0051 ] On the other hand, when the above constitution ^ 
is brought into contact with a medium, e!g,, water, hav- nc , 
ing a temperature in the range where the reversibly ther- ■ 
mochromic layer undergoes a color change.'then i.the* t 
medium penetrates into the porous layer to make this , 
layer transparent and to change the color of the under-,, 
lying reversibly thermochromic layer. . ... * . 9r i r rgs? 'O ' 
[0052] An example of the above constitution is a color-. n - 
change material having a reversibly thermochromic ^ 
layer which changes its color in response, to the body. r; 
temperature. This color-change material [can be used in ; ;: 
mdh a manner that it is. brought jnto^contact with 
medium, e.g., water, having a temperature in the range. » 0 
where the reversibly thermochromic layer does not c 
undergo a color change to thereby make the porous^ 
layer transparent, and the color of the reversibly thermo- : 
chromic layer is then changed by a hand touch. This t . 
color-changs rrurterial can be made to show a wider 
variety of color changes, for example, by using these 
layers in combination with.a non-color-changing layer., r : 
[0053] The reversibly thermochromic layer in eadi of 
■he constitutions described above may undergo either of v , 
a reversible color change between colored state and ^ 
colorless state and a reversible color changej3etween~ 
colored state (1) < — > colored state (2). - * r: . 
[0054] In order for a constitution of the colpr^hange 
material of the present invention to have appearances ^ 
of three or more different color tones, the layer(s)^under- (£ 
lying the porous layer should have two or more color ; , 
tones different from the color tone of the porous layer in ' 
a dry state. In order for appearances of such two or 
more different color tones to be perceived, the reversibly 
thermochromic layer itself should have such different;? 
color tones. Alternatively, in the case where the reversi-^ 
bly thermochromic layer is a layer, which reversibly. 
changes its color from a colored state to a colorless r 
state, a substrate or a colored layer each having a cojor t 
tone different from that color tone should be disposed. * t 
[0055] Since the porous layer contains ajqw^efrac^ 
tive-index pigment such as silica, it in a dry state shows 
high hiding properties to completely hide the color tone 
of the underlying layer. Consequently, even when the 
underlying layer has a dark color, the color-change 
material can be constituted so that a relatively light color t 
tone is perceived. - ;; ^ 

[0056] Furthermore, a reversibly thermochromic 
image pattern layer consisting of a reversibly thermo- 
chromic layer may be formed on the porous layer to 
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obtain a wider variety of design changes. ^ \. r f t ; 
[0057] The system having a substrate, a porous layer 
formed thereon, and a reversibly thermochromic layer 
formed on the porous layer is explained next. From the 
standpoint of enabling a medium, e.g., water, to pene- ' 
trate into the porous - layer, the overlying reversibly ther-; 
mochromic layer also is preferably permeable to the 
medium, e.g., water. - 
[0058] When the color-change material has a reversi- 
bly thermochromic layer which reversibly changes its 
color from a colored state to a colorless state and is in 
the colored state at the ambient temperature and this 
color-change material is brought into contact with a 
medium, e.g., water, having a temperature in trie range- 
where the composition undergoes a color change, then 
the reversibly thermochromic layer is decolored and, at 
the same time, the porous layer becomes transparent. 
As a result, the color tone of the substrate is perceived. 
[0059] When the color-change materia! is heated or 
cooled, without being brought into contact with a 
medium, e.g., water, for example, by a hand touch or by 
blowing warm air, cold air, etc., then the reversibly ther- 
mochromic layer is decolored and the color tone of the 
porous layer is perceived. 

[0060] Furthermore, when the color-change material 
has a reversibly thermochromic layer which reversibly 
changes its color from a colored state to a colorless 
state and is in the decolored state at the ambient tem- 
perature and this color-change material is brought into 
contact with a medium, e.g., water, having a tempera- 
ture in the range where the reversibly thermochromic 
layer does not undergo a color change, then the porous 
layer becomes transparent and the color tone of the 
substrate is perceived. When this color-change material 
is brought into contact with a medium having a temper- 
ature in the range where the reversibly thermochromic 
layer undergoes a color change, then the thermochro- 
mic layer in its colored state is perceived. 
[0061 ] In each of the above constitutions, the reversi- 
bly thermochromic layer is preferably one which revers- 
ibly changes its color from a colored sitate to a colorless 
state. In order for each of these constitutions to have 
appearances of three or more different color tones, the 
layer(s) underlying the reversibly thermochromic layer 
should have two or more color tones different from the 
color tone of the reversibly thermochromic layer. In 
order for such two or more different color tones to be 
perceived, rt is necessary that the substrate and the dry- 
state porous layer should have different colors or that a 
colored layer having a color tone different from that of 
the porous layer in a dry state should be. interposed 
between the porous layer and the substrate. 
[0062] Since the porous layer contains a low-refrac- 
tive-index pigment such as silica, it in a dry state shows 
high hiding properties to completely hide the color tone 
of the underlying layer. The overlying reversibly thermo- 
chromic layer can have a light color tone. 
[0063] Furthermore, a porous image pattern layer 



having a porous layer may be formed on the reversiblyoo 
thermochromic layer to obtain a wider variety of design yj 
changes, ^o.ib t:a*co wods srlt *o rtor=9 nl [€300] 
[0064]. Although the structures described, above Jn^a 

5 which the c reversibly ^ermochromic<;layerri'ard,kthe si 
porous layer have been superposed on each , other are jo 
most effective in exhibiting a variety. of color changes, a rj] 
structure in which the reversibly thermochromic layer £ 
and the porous layer are not in a stacked state is also,;c, 

10 effective. . ; . i \. % f c 1 ^ j otlw n z v& &ht* 
[0065] In particular, a color-change material in which— 
the two layers are disposed close to each other can be ^ 
caused to undergo a color change by means of either rn 
heat or water. Thus, a wider, variety of coloring means. :o 

75 combined with the resultant increase in the number of *v. 
colors heighten the suitability of the color-change mate- A 
rial for use in toys and the effect thereof on attractive^ 
appearance. t- r -^dsn h'*r. r>;v^o v [2W: 

[0066] The system having a substrate and formed v ■ 

20 thereon a color-changing porous layer which contains ant 

„ reversibly , thermochromic material,' „al:Jow:refractiveT, 
index pigment, and a binder and in which the reversiblyoii 
thermochromic material and the pigment are dispersed rh 
in and tenaciously adherent to the binder is further 

25 explained next. This color-change material, having the ; 
color-changing porous layer formed on a substrate from 
a color-changing composition containing a reversibly 
thermochromic material and a law-refractive-index pig- 
ment, functions in the following manners. ^When^the 

30 color-change material contains a reversibly thermochro-;:/ 
mic material which reversibly changes its .color from a , 
colored state to a colorless state and is in the colored^ 
state at the ambient temperature and this color-change r 
material is brought into contact with a medium having a_.pt 

35 temperature in the range where the color-changing 
material undergoes a color change, then the color tone 
of the substrate is perceived. r!ir' ^ # rn H \r.: vr*:y>^ : - 
[0067] When this color-change material is heated or . , 
cooled, without being brought into contact with a v 

40 medium, for example, by a hand touch or by blowing 1 
warm air, cold air, etc., then the reversibly thermochro- / 
mic composition is decolored and the color tone of the 
low-refractive-index pigment is perceived. >**rj£3 ',2fc St- 
[0068] -\ Furthermore, when the color-change material u; 

45 has a reversibly thermochromic material which reversk- 
biy changes its color from a colored state to a colorless a\ 
state and is in the decolored state at the ambient tern- . . 
perature and this color-change, material is brought into - 
contact with a medium having a temperature in the .r, 

so range where the reversibly .thermochromic material/ 
does not undergo a color change, then the color tone of T. 
the substrate is perceived.- When this color-change .: 
material is brought into contact with a medium having a ~ - 
temperature in the range where the reversibly thermo- ~ 

55 chromic material undergoes a color change, then either * ; 
the color tone of the reversibly thermochromic material 
in its colored state or a mixed color composed of the 
color tone of the reversibly thermochromic material in its * 
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colored state and the color tone of the substrate is per- 
ceived. 4 ...... r v - ^ 

[0069] In each of the above constitutions, the reversi- 
bly thermochromic material is preferably one which 
reversibly changes its color from a colored state to a 
colorless state. > -v *"■ ■ ; ; j 

[0070] Since the color-changing porous layer contains 
a low-refractive-index pigment, H in a dry state can com- 
pletely hide the color tone of the underlying layer. Con- 
sequently, even when the underlying layer has a dark 
color, the color-change material can have a light color. 
[0071] By using the thermochromic color-memory 
material described hereinabove as a reversibly thermo- 
chromic material, a color-change material shewing 
more complicated and colorful appearances can be 
obtained because color tones can be retained regard- 
less of changing ambient temperature. 
[0072] If desired and necessary, colorants may be 
incorporated into the reversibly thermochromic layer, 
the porous layer, and the color-changing porous layer to 
enable the color-change materials of the present inven- 
tion to show a wider variety of color tones. Examples of 
the colorants include general color dyns and pigments 
and fluorescent dyes and pigments. K is also possible tf 
desired, to use a metalescent pigment or the like such 
as, e.g., mica coated wiih titanium dioxide, mica coated 
with iron oxide/titsniurr; dioxide, mica coated with iron 
oxide, guanine, sericite, basic lead carbonate, acid lead 
arsenate, or bismuth oxychloride, 
[0073] If desired and necessary a non-color-changing 
ink containing a general dye or pigment or containing a 
fluorescent dye or pigment mcy be applied to form a 
non-color -changing layer. Furthermore, an ink contain- 
ing the metalescent pigment may be applied to form a 
metalescerrt layer. 

[0074] !n particular, the formation of a ncn-co!or- 
changing layer cn a substrate is effective in widening 
the degree of freedom of changes in color and appear- 
ance. 

[0075] The re/ersibly thermochromic layer, porous 
layer, and color-changing porous layer described above 
each may be an image pattern layer bearing characters, 
symbols, figures, etc., according to need. . ' "- • < ■ 
[0076] A protective layer or a light stabilizer layer may 
be suitably formed. Specifically, the light stabilizer layer 
is a layer containing, dispersed and tenaciously adher- 
ent therein, a light stabilizer selected from ultraviolet 
absorbers, antioxidants, aging inhibitors, singlet oxygen 
quenchers, superoxide anion quenchers, ozone 
quencher, visible ray absorbers, and infrared absorbers. 
[0077] An antistatic agent, polarity-imparting agent, 
thixotropic agent, arrtKoamer, etc. may be added, 
according to need, to the reversibly thormochrcmic layer 
or the porous layer tc improve functions. 
[0078] The reversibly thermochromic layer, porous 
!ayer, and color-changing porous layer described above 
can be formed by conventionally known methods such 
as. e.g., printing techniques including screen printing, 



offset printing, gravure printing, printing with a coater or<w 
tampon, and transfer printing and coating .techniques^] 
including brushing, spray coating, electrostatic coating, 0 1 
electrodeposition, flow coating, joller, coating, and.dip^ 
5 coating. for*:. : ..r» • .'t^sp-s ?. prions to jnicqtncte 
[0079] The color-change materials of the present : 
invention are effective in a variety of forms including linv * 
ear shapes, rugged shapes, and three-dimensional w 



shapes, as well as flat shapes.: v -o; ;>v* rt&rA 



io [0080] Specific examples of embodiments of the;*o 
color-change materials include stuffed toy ' animals,*?.' 
dolls, doll clothes such as raincoats, doll accessories : < 
such as umbrellas and bags, toys such as water pistol :; " 
targets, models of motor vehicles or ships, and boards 

is on which traces appear, such as, e.g., the handprint or 
footprint of a man or doll, training materials or stationary * 
such as papers or sheets for writing with water, clothes 
such as dresses, swimsuits, and raincoats, footwear . \ 
such as rain boots, prints such as waterproof books and 

so calendars, amusement goods such as stamp cards, 
puzzles, and various games, swimming or diving goods .m 
such as wetsuits, tubes, and float boards, kitchen goods ;'d 
such as coasters and cups, and other articles including 
umbrellas, artificial flowers, and winning lottery tickets: 

25 [0081 J The color-change materials can be applied ^ 
also to various indicators, for example, for the liquid - 
leakage detection for pipings, water tanks, and other 
tanks, the detection of wetting by water for the transpor- 
tation of water-prohibitive chemicals or in storage ; 

30 places therefor the detection of dew condensation, rain- 
fall, etc., urine detection in disposable diapers, the 
detection of liquid level or water depth in various con- ;: , 
tainers and pools, and the detection of water in soils. 

■ ■ *' - t j ■? v " ".r , ' 

& Ex ample s 

[0082] Examples are given below. All parts in the 
Examples are by weight. ^ \i: • ' -\r ■ o rr. 

40 EXAMPLE 1 (see Rg. 1) 



[0083] Twenty parts of a microcapsular pigment con-., 
taining a thermochromic color-memory material encap- 
sulated therein (blue « — > colorless; blue at 15°C and > 

45 lower, colorless at 30°C and higher) was homogene- ~r 
ously mixed with 1 part of a fluorescent pink pigment : 
[trade name, Epocolor FP-10; manufactured by Nippon v 
Shokubai Kogyo Co., Ltd.], 2 parts of a bertzotriazole ^ 
ultraviolet absorber, and 1,000 parts of polypropylene v 

so having a Vicat softening point of 100°C. This mixture * 
was treated with an extruder to obtain reversibly ther- , 
mochromic pellets. These pellets were injection-molded 
into a sheet to obtain a reversibly thermochromic layer 
2. . . ^ta nstr^ic* x?;: 

55 [0084] The reversibly thermochromic layer 2 assumed 
violet color upon cooling to 1 5°C or lower, and this color • 
was maintained in a temperature range below 30°C. 
The layer 2 assumed pink color upon heating to 30°C or. 
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higher, and this color was maintained in a temperature 
range above 15°C." ' " ' 

[0085] Subsequently, a white screen printing ink pre- 
pared by stirring and homogenizing a mixture of 15 
parts of a fine silica powder [trade name, Nipsil E-200; 
manufactured by Nippon Silica Industrial Co.. Ltd.], 30 
parts of an acrylic ester emulsion (solid content 50%), 
50 parts of water, 0.5 parts of a silicone antifoamer,' 3 
parts of a thickener for water-based inks. 1 part of ethyl- V 
ene glycol, and 3 parts of a blocked isocyanate" 
crosslinldng agent was used to conduct solid printing on 
the whole surface of the reversibly thermochromic layer 
2 through a 180-mesh screen stencil. The ink applied " 
was dried and cured at 130*C for 5 minutes to form a 
porous layer 3, which was white in a dry state. Thus, a 
color-change material 1 having a stacked structure was 
obtained. ~ " 

[0086] The appearance of the porous layer 3 changed 
from a white state to a colorless and transparent state 
upon contact with water or an aqueous medium. 
[0087] The color-change material 1 was white in a dry 
state at 24°C and remained white even when cooled or 
heated. However, upon contact with cold water having a 
temperature of 15°C or lower, the porous layer 3 
became transparent and the coior of the color-change 
material 1 instantaneously changed to the violet color 
attributable to the underlying reversibly thermochromic 
layer 2. This violet color-change materia! 1 was allowed 
to stand at 24~C. As a result, the color-change material 
1 , which was violet in the wet state, gradually changed 
its color from vioiet to white with water vaporization, and 
recovered the original white color upon completion of 
drying. " 

[0088] Subsequently, the color-change material 1 was 
brought into contact with warm water having a tempera- 
ture of 30°C or higher. As a result, the porous layer 3 ■ 
became transparent due to the adherent water and the 
color of the reversibly thermochromic layer 2 changed 
from purple to f luorescent-pink. Thus, the color-change 
material 1 assumed fluorescent pink color. 
[0089] This violet color-change material 1 was allowed 
to stand at 24°C. As a result, the color-change material 
1 , which was fluorescent-pink in the wet state, gradually * 
changed its color from fluorescent-pink to white with' 
water vaporization, and recovered the original white 
color upon completion of drying. n v '*' 

[0090] Thereafter, the dry color-change material 1 
was brought into contact with cold water having a tern-" 
perature of 15°C or lower to change its color to violet 
and part of this violet color-change material 1 was 
brought into contact with warm water having a tempera- 
ture of 30°C or higher. As a result, the color of that part 
changed from violet to pink, and the color-change mate- 
rial 1 thus came to have a violet area and a pink area. 
This two-color state was maintained until the water 
vaporized off to dryness. 

[0091] As demonstrated above, the color-change 
material 1 changed its appearance from a wholly white 
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state to violet or fluorescent-pink color upon.application^io^ 
' of cold or warm water, and recovered the origiraLwhiteia s 

state upon drying. Namely, the color-change material, 1 3S \ V 

could undergo a variety c? changes in appearance, egnsrio 
5 [0092] These changes in appearance could be repro^np 

duced repeatedly. i r - 7 '^vvc^v^w n^r^c^g^^ 

EXAMPLE 2 (see Fig:2)~- :: ^'vt \^CrKi$$^my 
£^;/v : . , : rv i ; r/csa^vy sentry .ol;;i Mo^nd 
10 [0093] A reversibly thermochromic screen printing ink: ■■u; 
prepared by stirring and homogenizing a mixture ofl0;?r> 
parts of a microcapsular pigment containing ajhernro^ 
chromic color-memory material Encapsulated [jthereirv-ov 
(blue <— -* colorless; blue at 15?C and lower, colorless at B r 
30°C and higher), 10 parts of an acrylic ester emulsion joj 
(solid content 50%), 0.2 parts of a silicone antifoamer,- < 
1 part of water. 0.5 parts of ethylene glycol, 0.5 parts,of 4 1 r 
a thickener, and 0.5 parts of an isocyanate crosslinking ; 0 d 
agent was used to conduct solid printing through a 109;-e> 
mesh screen stencil on the whole surface of a pmkpo 
nylon taffeta as a substrate 4.,The ink applied was driedrO] 
and cured at 130°C for 5 minutes to fornrva reversiblyoid 
thermoctfircmic Iayer2. z:\ s^nerio ot iswol io D°3 r to suri 
[0094] Upon cooling to 15°C or lower, the resultant.?, 
25 stacked structure composed of the substrate 4 and the r, -\ 
reversibly thermochromic layer 2 assumed purple color ~. 
resulting from the mixing of the pink of the substrate 4 , - 
and the blue of the reversibly thermochromic layer 2. - 
This color tone was maintained in a temperature range v 
so beS w 30°C. Upon heating to 30°C or higher, the revers r - A , 
ibly thermochromic layer 2 became colorless andjhe 
pink color of the substrate 4 was perceived.; This colprrr 
tone was maintained in a temperature range. above,.; 
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[0095] Subsequently, a white screen printing ink pre- 
pared by stirring and homogenizing a mixture jof c15 u; 
pails of a fine silica powder [trade name, Nipsil E-200; r- 
manufactured by Nippon Silica Industrial Co., Ltd.];:i30 jr. 
parts of an acrylic ester emulsion (solid content, 50%). 
50 parts of water, 0.5 parts of a silicone antifoamer, 3^ 
parts oi a thickener for wafer-based iniss, 1 part of ethyl- 
ene glycol, and 3 parts of a blocked isocyanate j 
crosslinking agent was used to conduct stolid printing on^ 
the whole surface of the reversibly : thermochronVcJayeraq 
2 through a 180-mesh screen stencil. The ink applied^ 
was dried and cured at 130°C for 5 minutes to form a;,! 
porous layer 3. which was white in a dry state/Thus, a*., 
color-change material 1 was obtained.?}^/-?: 
[0096] The appearance of the porous layer 3 changed 7 
from a white state to a colorless and transparent state fc . 
upon contact with water or a water-soluble liquid, * *. 
[0097] The color-change material 1 was white in a dry 
state at 24°C and remained white even when cooled or - 
heated. However, upon contact with cold water having a - 
temperature of 15 6 C or lower, the porous layer 3,- 
became transparent due to the adherent water and the 
color of the color-change material 1 instantaneously : 
changed to purple color resulting from the mixing of the - 
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colors of the underlying reverssbly thermochromic layer 
2 and substrate 4. This purple color-change material 1 
was allowed to stand at 24°C. As a result, the color-; 
change material 1, which was purple in the wet state, 
gradually changed Hs color from purple to white with 
water vaporization, and recovered the original white 
color upon completion of drying. 
[0098] Subsequently, the color-change material 1 was 
brought into contact with warm water having a tempera- 
ture of 30°C or higher. As a result, the porous layer 3 
became transparent due to the adherent water and the 
color of the reversibly thermochromic layer 2 changed 
from blue to colorless. Thus, the color-change material 
1 assumed the pink color attributable to the substrate 4. 
[0099] This pink color-change material 1 was allowed 
to stand at 24°C. As a result, the color-change material 
1 , which was pink in the wet state, gradually changed its 
color from pink to white with water vaporization, and 
recovered the original white color upon completion of 
drying. - T -■• " - 

[01 00] Thereafter, the dry color-change material was 
brought into contact with cold water having a tempera- 
ture of 1 5°C or lower to change its color to purple, and 
part of this purple color-change material was brought 
into contact with warm rater having a temperature of 
30°C or higher. As a result the color of that part 
changed from purple to pink, and the color-change 
material thus came to have a purple area and a pink 
area. This two-color state was maintained until the 
water vaporized off to dryness. ' 
[0101] As demonstrated above, the color-change 
material 1 changed its appearance from a wholly white 
state to purple or pink color upon application of cold or 
warm water, and recovered the original white state upon 
drying. Namely, the color-change material 1 could 
undergo a variety of changes in appearance. 
[01 02] These changes In appearance could be repro- 
duced repeatedly. 

EXAMPLE 3 (see Fig. 3) 

[0103] A fluorescent yellow screen printing ink pre- 
pared by stirring and homogenizing a mixture of 10 
parts of a yellow fluorescent pigment [trade name, 
Epocolor FP-117; manufactured by Nippon Shokubai 
Kagaku Kogyo Co., Ltd.], 50 parts of an acrylic ester 
emulsion (solid content 50%), 0.2 parts of a silicone 
antifoamer, 5 parts of a thickener, 1 part of a leveling 
agent, 10 parts of water, and 2.5 parts of an epoxy 
crosslinking agent was used to conduct solid printing 
through a 150-mesh screen stencil on the whole surface 
of a white nylon taffeta as a substrate 4. The ink applied 
was dried and cured at 130°C for 5 minutes to form a 
non-color-changing layer 5. A reversibly thermochromic 
screen printing ink prepared by stirring and homogeniz- 
ing a mixture of 10 parts of a microcapsdar pigment 
containing a thermochromic odor-memory material 
encapsulated therein (blue < — -> colorless; blue at 15°C 



and lower, colorless at 30°C and higher), 10 parts of an ^ 
acrylic ester emulsion (solid content. 50%), 0.2 parts pf ^, 
a silicone antifoamer, 1 part of water, 0.5 parts of ethyl-j.^, 
ene glycol, 0,5 parts of a thickener, and O-^parts i of ;an ^ ^ 

s isocyanate crosslinking agent was used to wgduct : sblid/f^ 
printing through a 109-mesh" screen stencil jpn j* 16 !^ 
whole upper surface of the non^lor^changing layer ,5/^ 
The ink applied was dried and cured at 130°C for 5 miri- ^ 
utes to form a reversibly ^thermochromic layer 2. ^ ^ 

ic [01 04] Upon cooling to 1 5°G orjower, the resuitert .^,- 
stacked structure having the non-color^changing layer 5 ^ 
and the reversibly thermochromic, layer 2. .a^mied^ 
green color resulting from the mixing of the fluorescent,^ 
yellow of the non-colornchanging layer 5 and the blue of ^ 

is the reversibly thermochromic layer 2 This color tone ^ , 
was maintained in a temperature range below Z0°C.l 
Upon heating to 30°C or higher, the reversibly thermc^^ 
chromic layer 2 became colorless and the fluorescent^' 
yellow color of the non-color-changing layer 5 was P©r.C" : 

20 ceived. This color tone was maintained in a terriper^ure^ a . 
range above 15°C,., , ; ?>tofoo^iV fT3C€] 

[0105J The white screen printing ink pr^raJ in^ 
Example 1 was used to conduct solid printing on the.^. 
whole upper surface of the reversibly thermochromic" 

25 layer 2, and the ink applied was dried and cured to form . ] 
a porous layer 3. Thus, a color-change material 1 was ' 
obtained. ( r - . > ~, 

[01 06] Tha appearance of the porous layer 3 changed 
from a white state to a colorless and transparent state 

30 upon contact with water or a water-soluble liquid. rt . r 
[01 07] The color-change material 1 was white in a dry I 
state at 24°C and remained white even when cooied or : _ . 
heated. However, upon contact with cold water having a^ 
temperature of 15°C or lower, the porous layeiv3 X; 

35 became transparent and the color of the color-change'.^ 
material 1 /instantaneously changed f to green color^^ 
resulting from the mixing of the colors ."of the ^underlying,"., 
reversibly thermochromic layer 2 ar^non-rolor^hang- 
ing !ayer 5. This green color-change, material 1, was^~, 

40 allowed to stand at 24°Q As a result the t co(or-change n 
material 1 , which was green in the wet stated gradually. . 
changed its color from green to white with water vapori- 1 f 
zation, and recovered the original white color upon com- 
pletion of drying. j r ( K . . yj , , , ri: ~. , ^ r .-. u , , ; . t 

45 [0108] Subsequently, the OTlc^crange material l was 
brought into contact with warm water having a tempera- 
ture of 30°C or higher. As a result the "porous layer,3^ 
became transparent and the color of toe reversibly ther-' 
mochromic layer, 2 changed from blue to colorless^ 

so Thus, the color-change material 1 assumed the fluores- 
cent yellow color attributable to the non-color-changing 

! ayer 5. . : - •■ - — - »r . ■* : - ; ^, ; v • ' . 

[01 09] This f luorescent-yeliow color-change material 
1 was allowed to stand at 24°C. As a result, the color- . 
55 change material 1 , which was fluorescent-yellow in the - 
wet state, gradually changed its color from fluorescent- . 
yellow to white with water vaporization, and recovered 
the original white color upon completion of drying. 
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[0110] Thereafter, the dry color-change material was - 
brought into contact with cold water having a tempera- - 
ture of 15°C or lower to change its color to green, and . : 
part of this green color-change material 1 was brought „' 
into contact with warm water having a temperature of Cs 
30°C or higher. As a result, the color of that part 
changed from green to yellow, and the. color-change 
material 1 thus came to have a green area and a yellow ' 
area. This two-color state was maintained until the 
water vaporized off to dryness. - ,v . v ' t . - . : 10 
[0111] As demonstrated above, the color-change 
material 1 changed its appearance from a wholly white 
state to green or fluorescent-yellow upon application of 
cold or warm water, and recovered the original white v * 
state upon drying. Namely, the color-change material 1 is 
could undergo a variety of changes in appearance: 
[01 1 2] These changes in appearance could be repro- - 
duced repeatedly. 

EXAMPLE 4 (see Fig. 4) < so 

[0113] A fluorescent yellow screen printing ink pre- 
pared by stirring and homogenizing a mixture of 10 
parts of a yellow fluorescent pigment [trade name, 
Epocolor FP-117; manufactured by Nippon Shokubai 25 
Kagaku Kogyo Co., Ltd.], 50 parts of an acrylic ester 
emulsion (solid content. 50%), 0.2 parts of a siiicone 
antifoamer, 5 parts of a thickener, 1 part of a leveling 
agent, 10 parts of water, and 2.5 parte of an epoxy 
crosslinking agent was used to conduct solid printing 30 
through a 1 50-mesh screen stencil on the whole surface 
of a white polyester satin as a substrate 4. The ink 
applied was dried and cured at 130°C for 5 minutes to 
form a non-color-changing layer 5. A reversibly thermo- 
chromic screen printing ink prepared by stirring and 35 
homogenizing a mixture of 10 parts of a microcapsular 
pigment containing a reversibly thermochromic material 
encapsulated therein (blue < — > colorless; blue below 
15°C, colorless at 15 C C and higher), 10 parte of an 
acrylic ester emulsion (solid content, 50%), 0.2 parts of 40 
a silicone antifoamer, 1 part of water, 0.5 parts of ethyl- 
ene glycol, 0.5 parts of a thickener, and 0.5 pails of an > 
isocyanate crosslinking ageni was used to print a flower " r " 
pattern through a 109-mesh screen stencil on the upper * 
surface of the non-color-changing layer 5. The ink 45 
applied was dried and cured at 130°C for 5 minutes to 
form a reversibly thermochromic image pattern layer 21 . 
[0114] The resultant stacked structure having the non- 
color-changing layer 5 and the reversibly thermochro- 
mic image pattern layer 21 was wholly f luorescent-yel- so 
low at 24°C due to the non-color -changing layer 5. Upon 
cooling to 15°C or lower, the reversibly thermochromic 
image pattern layer 21 assumed blue color, and a green , 
flower pattern on a yellow background was perceived. * 
When the stacked structure warmed up and returned to 55 
a temperature above 15°C, the reversibly thermochro- 
mic image pattern layer 21 was decolored and the 
stacked structure wholly turned fluorescent-yellow. 



[0115] The white screen printing ink prepared in^cr; 
Example 1 was used to conduct solid printing onthesrto 
whole upper surface of the reversibly thermocriromicanb 
image pattern layer 21, and the ink applied was dried 
and cured to form a porous layer S.^TJuiS,, a, color-^ 
change material 1 was obtained. : p^^k^-^oo 
[01 16] The appearance of the porous layer 3 changed jir < , 
from a white state to a colorless and transparent state .oU 
upon contact with water or a water-soluble liquid.^ x&tw 
[01 1 7] The color-change material 1 was white in a dry ipi 
state at 24°C and remained white even when cooled oritec 
heated. However, upon contact with water having atem-^ra 
perature of 15°C or higher, the porous layer 3 became ? si 
transparent and the color-change material <V hence iot 
wholly assumed yellow color. This color-change mate^U ] 
rial 1 was allowed to stand at 24°C. As a result/the 
color-change material 1 dried with water vaporization 
and returned to the white color. : ~s -cv A v-j bsrutosiuru* i 
[01 18] Subsequently, the color-change material 1 was-r,:; 
brought into contact with 10°C cold water. As a result, ? 0 o 
the porous layer 3 became transparent and the color of c 
the reversibly thermochromic image pattern layer 21iis^ 
changed from colorless to blue. Thus, the color-change :ms 
material 1 came to have an appearance bearing a green 
flower pattern on a yellow background. < This color- - 
change material 1 was allowed to stand at 24°C. As a 
result, when the color-change material 1 had warmed 
up to a temperature above 15°C, the reversibly thermo- 
chromic image pattern layer 21 was decolored and the i 1 ; 
color-change material 1 wholly turned yellow. . Although 
the color-change material 1 was in this state for a while, f 
it returned to the white color upon drying. s ; s^iryt 

[0119] As demonstrated above, the color-change ^ 
material 1 changed its appearance from a wholly white *v: 
state to a wholly yellow state or to a green flower pattern 
on a yellow background upon application of cold onsid 
warm water, and recovered the original white state upon ' 
drying. Namely, the color-change material 1. could ; * 
undergo a variety of changes in appearance. a :- v> < 
[01 20] These changes in appearance could be repro-. c 
duced repeatedly. " ~ .\v-.\: : 

EXAMPLE 5 (see Fig. 5) ^?:^rd : <y^< % : < " 

[0121] Af lower pattern was printed on a white polyes- - 
ter satin as a substrate 4 with fluorescent general inks of n . 
yellow, pink, purple, green, and red colors to form a non* 
color-changing image pattern layer 51.* YWfWft * ;V i f 
[0122] A roversibly thermochromic screen printing ink n* 
prepared by stirring and homogenizing a mixture of 10 ,.- 
parts of a microcapsular pigment containing a r eversfcly - 
thermochromic material encapsulated therein (black 
< — » colorless; black below 30°C, colorless at 30°C and : * 
higher), 20 parts of a polyester urethane emulsion (solid i 
content 30%), 0.4 parts of a silicone antifoamer, 1 part v ; 
of water, 0.5 parts of ethylene glycol, 1 .0 part of a thick- ~ : : 
ener, and 0.5 parts of an isocyanate crosslinking agent < ".; 
was used to conduct solid printing through a 109-mesh 
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screen stencil on the whole surface of the non-color- 
changing image pattern layer 51. The ink sppiied was 
dried and cured at 130°C for 5 minutes to fonts a revers- 
ibly thermochromic layer 2. 

[01 23] The resultant stacked structure having the non- 5 
color-changing layer 51 and the reversibiy thermochro- 
mic layer 2 superposed thereon was black at 24°C. 
Upon heating to 30°C or higher, the reversibiy thermo- 
chromic layer 2 was decolored and the colorful flower . 
pattern attributable to the non-color-changing image 10 
pattern layer 51 was perceived. When this stacked 
structure returned to a temperature below 30°C, the 
reversibiy thermochromic layer 2 assumed black color 
to hide the flower pattern. . 

[0124] Subsequently, a white screen printing ink pre- is 
pared by stirring and homogenizing a mixture of 15 
parts of a fine silica powder [trade name, Mipsil E-220; 
manufactured by Nippon Silica Industrial Co., Ltd.], 50 
parts of a polyester urethane emulsion (solid content 
30%), 30 parts of water, 0.5 parts of a silicone artfi- 20 
foamer, 3 parts of a thickener for water-based Inks, 1 
part of ethylene glycol, and 2 parts of a blocked isocy- 
anate crossi inking agent was used to print a butterfly 
pattern through a 150-m8sh screen stencil on the 
reversibiy thermochromic layer 2. The ink applied was 25 
dried and cured at 130°C for 5 minutes to form a porous 
image pattern layer 31 of a butterfly -pattern. Thus, a 
color-change material 1 was obtained. 
[0125] The appearance of the porous image pattern 
layer 31 changed from a white state to a colorless and 30 
transparent state upon contact with water or a water- 
soluble liquid. 

[0126] When the color-change materia! 1 was held at 
24°C, the white butterfly pattern attributable to the 
porous image pattern layer 31 was perceived on the 35 
black background off the reversibiy thermochromic layer 
2. When the color-change material 1 was heated to 
30°C or higher, the coior of the reversibiy thermochro- 
mic layer 2 changed from black to colorless and the 
colorful flower pattern attributable to the non-color- 4C 
changing image pattern layer 51 appeared. Thus, the 
color-change material 1 came to have an appearance 
bearing a white butterfly pattern on a flower pattern 
background. When this color-change material 1 
returned to a temperature be!ow 30°C, it recovered the 45 
appearance bearing a white butterfly pattern on a black 
background. 

[0127] The color-change material 1 was brought into 
contact with 20°C water. As a result, the porous image. ~ 
pattern layer 31 became transparent and the butterfly so 
pattern hence disappeared, resulting in a wholly black 
appearance. This color-change material 1 was allowed 
to stand at 24°C. As a result, a white butterfly pattern 
gradually appeared with water vaporization. After com- 
pletion of drying, a white butterfly pattern on a tyack ss 
background was perceived again. 
[01 28] Subsequently, the color-change materia! 1 was 
brought into contact with 40*G warm water. As a result, 



the porous image pattern layer 31 became transparent ; 
to make the butterfly pattern disappear and, simultane- v ^ 
ously therewith, the color of the reversibiy thermochro-- j: 
mic layer 2 changed from black to colorless, whereby m<; 
only the colorful flower pattern attributable to the .non-osi! 
color-changing image pattern layer 5! was perceived; 
This color-change material 1 was allowed to stand at : ;j v 
24°C. As a result, when the color-change material had 
cooled down to a temperature below 30° C, the reversi- v* : 
bty thermochromic layer 2 became colored and this ; 1 , 
black color hid the flower pattern. Although the color- 
change material I was in this state for a while, a white , . 
butterfly pattern gradually appeared on the black back- 
ground with drying. Upon complete drying, the color- . 
change material 1 recovered the appearance bearing a 
white butterfly pattern on a black background 
[0129] As demonstrated above, the color-change 
material 1 , according to temperature changes or immerr „ -j 
sion in warm or cold water, could have four states: an 
appearance bearing a white butterfly pattern on a black 
background; a wholly black appearance; an appearance 
bearing a white butterfly pattern on a colorful flower pat-; 
tern background: and an appearance bearing a colorful .... . 
flower pattern only. Namely, the color-change material 1 
could undergo a variety of changes in appearance. 
[01 303 These changes in appearance could be repro- 
duced repeatedly. 

EXAMPLE 6 (see Fig. 6) 

[01 31 ] A white screen printing ink prepared by stirrmg 
and homogenizing a mixture of 15 parts of a fine silica 
powder [trade name, Nipsii E-200; manufactured by— 
Nippon Silica Industrial Co., Ltd.], 30 parts of an acrylic v*y 
ester emulsion (solid content, 50%), 50 parts of water,- 
0.5 parts of a silicone antifoamer, 3 parts of a thickener - .v> 
for water-based inks, 1 part of ethylene glycol, and 3 : 
parts of a blocked isocyanate crossfinking agent was 
used to print a flower pattern through a 180-mesh 
screen stencil on a pink nylon taffeta as a substrate 4. 
The ink applied was dried and cured at 130°C for 5 min- 
utes to form a porous image pattern layer 31 . 
[0132] A reversibiy thermochromic screen printing ink 
prepared by stirring and homogenizing a mixture of 10 
parts of a microcapsular pigment containing a thermo- . 
chromic color-memory material encapsulated therein 
(blue* — ►colorless; blue at 15°C and lower, colorless at ; 
30°C and higher), 10 parts of an acrylic ester emulsion \ r 
(solid content 50%), 0.2 pads of a silicone antifoamer, r % 
1 part of water, 0.5 parts of ethylene glycol, 0.5 parts of ' r 
a thickener, and 0.5 parts of an isocyanate crosslinking 
agent was used to conduct printing through a 109-mesh < . 
screen stencil on those areas of the substrate 4 where 
the porous image pattern layer 31 had not been formed. 
The ink applied was dried and cured a* 1 30°C for 5 min- 
utes to form a reversibiy thermochromic image pattern 
Iayer21. 

[0133] Thus, a color-change material 1 was obtained, 
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which had the substrate 4 and, formed side by side ther- ; 
eon, the porous image pattern layer 31 and the reversi- 
bly thermochromic image pattern layer 21. ns*K:q v, 
[0134] When the color-change material 1 was cooled ; 
to 1 5°C or lower, the flower pattern of the porous image . 
pattern layer 31 was perceived together with purple 
parts resulting from the mixing of the pink of the sub- . 
strate 4 and the blue of the reversibiy thermochromic 
image pattern layer 21. This appearance, was, main-, , 
tained in a temperature range below 30 e C. Upon heat- 
ing to 30°C or higher, the reversibiy thermochromic * 
image pattern layer 21 became colorless and the flower , 
pattern of the porous image pattern layer 31 was per- 
ceived together with the pink parts attributable to the 
substrate 4. This appearance was maintained in a tem- 
perature range above 15°C. 

[01 35] When the color-change material 1 was brought 
into contact with cold water having a temperature of 
15°C or lower, the porous image pattern layer 31^ 
became transparent due to the adherent waterand a 
flower pattern of the pink color attributable to the under- , 
lying substrate 4 was perceived together with purple 
parts.- This color-change material 1 was allowed to .* 
stand at 24°C. As a result, the wet porous image pattern 
layer 31 gradually changed, its color from pink to white 
with water vaporization, and recovered the original 
white color upon completion of drying. 
[01 36] Subsequently, the color-change material 1 was 
brought into contact with warm water having a tempera- 
ture of 30°C or higher. As a result, the porous image 
pattern layer 31 became transparent due to the adher- 
ent water and the color of the reversibiy thermochromic 
layer changed from blue to colorless. Thus, the color- 
change material 1 assumed the pink color attributable to 
the substrate 4. 

[0137] This pink color-change material 1 was allowed 
to stand at 24°C. As a result, the wet porous image pat- " 
tern layer 31 gradually changed its color from pink to 
white with water vaporization, and recovered the origi- 
nal white color upon completion of drying.^ ,V..v 
[0138] As demonstrated above, the color-change 
material 1 could have four states: an appearance having 
purple parts and a white flower pattern; an appearance 
having pink parts and a white flower pattern; an appear- 
ance having purple parts and a pink flower pattern; and 
a wholly pink appearance. Namely, the color-change 
material 1 could undergo a variety of changes in 
appearance.. * - • * • . • <; . 

[0139] These changes in appearance could be repro- 
duced repeatedly. 

EXAMPLE 7 (see Fig. 7) 

[0140] A reversibiy thermochromic screen printing ink 
prepared by stirring and homogenizing a mixture of 1C 
parts of a microcapsular pigment containing a thermo- 
chromic color-memory material encapsulated therein 
(blue < — > colorless; blue at 1 5°C and lower, colorless at 



30°C and higher), 10 parts of an acrylic ester emulsion^, 
(solid content 50%), 0.2 parts o! a alicone^artr^mer, ' 
1 part of water, 0,5 parte of 

a thickener, and 0.5 parts of an isocyanate crosslinkmg 
age «rrtw^^ 

' ' " J "'~ ~* ~* " 

j«F 

and cured at . 130°C for 5 minutes to fdrrrTa /ev©^^ 



mesh screen stencil on .the whole .surface of a .yellcwX 
nylon taffeta as a substrate 4'Tfre inkappli^as dnedl . 

thermochromiclayer2.^ 
to [0141] Subsequently, a wj^esaeenprirtt^ginkpr^;^ 
pared by stirring and I horr©ge«izing admixture of ll5, 
parts of a fine silica powder [tr^e n^e, Nipsil E-200;. 
manufactures by N^^n^Silica Jndustr)^ Co.,' Lidji 30 , 
parts of an acrylic ester emulsion (solid cbrttertt7 50%), if 
50 parts of water, 0^5 (Darts of a silicone antifoamer, 3", 
parts of a thickener for water-based inks, 1 part of ethyl- 
ene glycol, and 3 ^ parte ^ of-.a^ blocked .isocyanat^ Jo 
crosslinking agent was used to 0 ronduct ioiW^nting ^g 
through a 180-mesh screenstencil on ^ the y^esurfac^^j 
of the reversibiy thermochromic layer CjThe inkappji^ lfl0 
was *ied and 

porous layer 3,whitfi was whfte in a^dry st*e^ n Bm£{i0 
I0142] : i3v , Furthmn^^ 

screen printing ink prepared by stirring and hornogeniz- \ 
ing a mixture of 10 parts of a mi crocapsular pigment , 
containing a thermochromic color-memory material 
encapsulated therein (pinkV— * colorless; pink at 40°C 
and lower, colorless at 40°C and higher), 10 parts of an 
acrylic ester emulsion (solid content, 50%), 0.2 parts of 
a silicone antifoamer, 1 [part of water, 0.5 parte of 3thyl-. : ^ 
ene glycol, 0.5 parte of a thjekener, and ^0.5 parte ofan r 
isocyanate crosslinking agent .^waVgs^to print a pojka Q j 
dot pattern through a 180-mesh screen ^eraM^eJnk ijb 
applied was dried and cured at 130°C fa 5 minutes to 
form a reversibiy thermochromic image l^ttern layer 21 
Thus t a color-change material 1 was obtained. 
[01 43] When the OTlor-change^rraterial 1 in a dry state ^ 
was held at 24°C, a polka dot f^ttern of the pi^ 
attributable to the reversibiy ; ^ermiMrVcmjc image pat- ^ 
tern layer 2l, was perceived on the White background . 
attributable to the porous layer 3, Hcwever, upon heat-* 
ing to 40*C or higher, the reversibiy thermochromic 
image pattern layer 21 was decolored, resulting in a - 
wholly white stote ;t When the heating i was stopped and 
45 this color-change rr^erial 1 was allowed to cool down 
to 40°C or lower, then the pink polka dot patten attribuK ; 
able to the reversibiy tha*mochromic image pattern 
layer 21 appeared again. This phenomenon j ppuld be, r: 
repeated many times.^^ n ^ftr^ Jl^i^b^> 
so [0144] Subsequeritiyjhe toIw 

brought into contact w^ 35°6 w^'m^ r^rit^ 
the porous layer . 3 became, transparent due tt}f> t l 
adherent water and the color of th'eVwersiWy^therm^ 
chromic layer 2 changed from blue to c«lori^. ? Thus, a jr . 
55 . polka dot pattern of red oofor resufti ng from^the mixing"' 
of the pink of the reversibiy. thermochromic image pat- 
tern layer 21 and the yellow of the substrate 4 was per- 
ceived; on the yellow background attributable to the 
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substrate 4. * 

[01451 When this coior-change mata/la! 1 was' ' 
immersed in warm water having a ^temperature of 40°C ■ 
or higher, the reversibiy thermochrontic image pattern ^ 
layer 21 was decolored/ resulting in a wholly yellow "s 
state. This yellow color-change material 1 was allowed 
to stand at 24°C. As a result, the color-change material 
1 in a still wet state developed a red polka dot pattern on 
the yellow background. The yellow background gradu- 
ally turned white with water vaporization, and after corn- 10 
pletion of drying, the original appearance bearing a pink 
polka dot pattern on a white background was perceived. 
[01 46] Subsequently, the dry color-change material 1 * 
was brought into contact with cold water having a tem- 
perature of 15°C or lower. As a result, a polka dot pat- is 
tern of brown color resulting form the mixing of the pink 
of the reversibiy thermochromic image pattern layer 21 
and the green resulting from the mixing of the yellow of 
the substrate 4 and the blue of the reversibiy thermo- 
chromic layer 2 was perceived on a background of that 20 
green color. This state was maintained when the color- 
change material 1 was immersed in the cold water hav- 
ing a temperature of 1 5°C or lower or was in a wet state 
at 24 C C. However, the green color gradually changed to 
white with drying, and after completion of drying ; the 25 
original appearance bearing a pink polka dci pattern on 
a white background was perceived. 
[0147] As demonstrated above, the color-chartg& 
material 1 could undergo a variety of changes in 
appearance according to temperature changes, wetting 30 
by a water medium, and drying. 
[0148] These changes in appearance could be repro- 
duced repeatedly. 

EXAMPLE 8 (see Fig. 8) 35 

[0149] A water-based spray ink prepared by 'stirring 
and homogenizing a mixture of 10 parts df a wei-proc : 
ess finely particulate silicic acid [trade name, Nipsil E- 
200A; manufactured by Nippon Silica Industrial Co., 40 
Ltd.] as a low-refractive-;ndex pigment. 30 parts of a 
water-compatible urethane resin [trade name, Hydran 
APX101; manufactured by Dainippon Ink & Chemicals, ^ 
Inc.] as a binder, 10 parts of water, 20 parts of isopropyl 
alcohol, and 0.5 parts of a silicone antifoamer was 45 
applied by spraying on the body of a blue minicar made 
of ABS as a substrate 4 to form a star pattern on the 
body. The ink applied was dried at 40 C C for about 1 hour 
to form a porous image pattern layer 31. 
[0150] Subsequently, a water-based spray ink pre- so 
pared by stirring and homogenizing a mixture of 25 
parts ot a microcapsular pigment containing a reversibiy 
thermochromic material encapsulated therein (water 
cortient, 50%; pink < — > colorless; pink below 30°C, 
colorless at 30°C and higher), 40 parts of a water-conv 55 
patible urethane resin [trade name, Hydran APX101; 
manufactured by Dainippon Ink & Chemicals, Inc.], 10 
parts ot water, 20 parte of isopropy! alcohol; and 0.5 



parts of a silicone antifoamer was applied by spraying Kv 
on the porous image pattern layer 31 to form thereon au:3 
star pattern having the same shape and size as the 
layer 31. Thus, a reversibiy thermochromic image pjat-rG] 
tern layer 21 was formed to obtain a color-change mate-, oi 
rial 1: • . i^v-'^T.vq. c . v rr^y: v,-, . 

[01 51 ] ' The color-change material 1 at 24°C bore a . . V 
star pattern of the pink color attributable to the reversibiy - 
thermochromic image pattern layer 21 on the blue body /rrt 
However, when this color-change material 1 was heated 
with hot air from a drier, the reversfcly thermochromic 
image pattern layer 21 was decolored and a star pattern 
of the white color attributable to the porous image pat- V ^ 
tern layer 31 was perceived. This state was maintained ■ ^ 
at temperatures not lower than 30°C. However, when v 
the heating was stopped and the color-change material 
1 was allowed to stand at room temperature, then the 0; 
reversibiy thermochromic' image pattern layer: 21 r 
became colored again and the color-change material 1 :i 
recovered the pink star pattern:" ' v -e .irj:/ *»t; ^rn^r, v\, 
[0152] Subsequently, this color-change material 1 was ci; 
immersed in 40°C warm water. As a result, the reversi- v 
b!y bherrrjochrorrac patten layer 21 was decolored and 
the porous image pattern layer 31 became transparent. 
The body thus turned wholly blue. This state was main-, 
tained in the warm water. However, when this color- 
change material 1 was taken out of the warm water and 
immersed in water having a temperature of about 20°C, * 
then tho revarsibly thermochromic image pattern layer . 
assumed pink color'and, henco,- the star pattern 
changed its color to purple color resulting from the mix- 
ing of the blue of the substrate 4 and the pink of the v 
reversibiy thermochromic image pattern layer 21, This 
state was maintained in the water. However, when this .r- 
color-change material 1 was taken out of the water and 
dried, it recovered the original appearance bearing a 
pink star pattern on the blue body/M f z\ rnsi- 1 

[0153] : " As demonstrated above,' the color-change - 
material 1 could undergo a variety of changes in w 
appearance according to temperature changes, wetting 
by a water medium, and drying. ~ *' * r ^ T % - 
[01 54] These changes in appearance could be repro- 
duced repeatedly, -h: :^ ■fev^.^ vEnr-r <A. - 

EXAMPLE 9 (see Fig. 9) * " : -r , 

[0155] A white water-based screen printing ink pre- 
pared by stirring and homogenizing a mixture of 20 v 
parts of a wet-process finely particulate silicic acid. , 
[trade name, Nipsil E-1011; manufactured by Nippon 
Silica Industrial Co., Ltd.] as a low-refractive-index pig- 
ment, 60 parts of an aqueous urethane emulsion [trade 
name, Hydran AP-10; manufactured by Dainippon Ink & 
Chemicals. Inc.] as a binder, 15 parts of water. 3 parts „■ 
of propylene glycol, 0.5 parts of a silicone antifoamer, 3 * 
parts of a thickener for water-based inks, and 4.0 parts 
of a blocked isocyanate crossiinking agent for water- ' 
based inks was used to conduct printing through a 1 50- - 
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mesh screen stencil on the whole surface of a 40-denier 
nylon tricot of fluorescent pink color as a substrate 4 to 
form a porous layer Z:^h gni/*.>i3Cou, -juzwicx* 
[0156] Subsequently, a wave pattern was printed on 
the porous layer 3 through' a 150-mesh screen stencil 
using a yellow' water-based screen printing ink (color- 
changing material) prepared by stirring and homogeniz- 
ing a mixture of 30 parts of a micrbcapsular pigment- 
containing a reversibly thermochromic material encap- 
sulated therein (water content, 50 wt%; yellow < — ► ' 
colorless; yellow below 15°Cr colorless at 15*C and 
higher), 35 parts of an aqueous acrylic emulsion [trade 
name, Movinyf 700; manufactured by Hoechst Gosei > 
K.K.] as a binder, 1 5 parts of water, 3. parts 'of propylene .< 
glycol, 0.5 parts of a silicone antifbamer, 3 parts of a 
thickener for water-based inks, and 3.5 parts of a 
blocked isocyanate crosslinking agent for water-based 
inks, and further using a blue water-based screen print- 
ing ink prepared in the same manner as the above ' 
except that use was made of 1 5 parts of a microcapsu- 
lar pigment containing a reversibly thermochromic 
material encapsulated therein (water content, 50 wt%; 
blue <-^> colorless; blue below 15°C, colorless at 15°C 
and higher). The inks applied were dried and cured at 
100°C for 3 minutes to form a reversibly thermochromic 
image pattern layer 21. 

[0157] Furthermore, a polka dot pattern was printed 
on the reversibly thermochromic image pattern layer 21 
through a 180-mesh screen stencil using a pink water- 
based screen printing ink prepared by stirring and 
homogenizing a mixture of 1 0 parts of af luorescent pink 
pigment [trade name, Epocdor FP-1000N; manufac- 
tured by Nippon Shokubai Kagaku Kogyo Co., Ltd.], 60 
parts of an aqueous acrylic emulsion (trade name, 
Polysol AP-50; manufactured by Showa Highpolymer 
Co., Ltd.], 10 parts of water, 5 parts of ethylene glycol, 
0.5 parts of a silicone arrtifoamer for water-based inks, 3 
parts of a thickener for water-based inks, 1 part of a lev- 
eling agent, and 2 parts of an isocyanate crosslinking 
agent. The ink applied was cured and dried at 1 30°C for 
3 minutes to form a non-color-changing image pattern 
layer 51 . Thus, a color-change material 1 was obtained. 
[01 58] The color-change material 1 at about 24°C had 
an appearance bearing a polka dot pattern of the fluo- 
rescent pink color attributable to the non-color-changing 
image pattern layer 51 on the white background attribute 
able to the porous layer 3. However, upon cooling with 
cold air to below 15°C. the reversibly thermochromic 
image pattern layer 21 became colored and the white 
background part came to have a wave pattern of yellow 
and blue colors. This state was maintained at tempera- 
tures not higher than 15°C. However, when the cooling 
was stopped and this color-change material 1 was 
allowed to stand at room temperature, the wave pattern 
part returned to white. • - . 

[01 59] Subsequently, the color^change material 1 was 
immersed in water having a temperature of about 20°C. 
As a result, the porous layer 3 became transparent and, 
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hence, the pink color.of the non-color-changing images 
pattern layer 51 combined with the pink color qf thejeUb^rn 
strate 4 made the whole surface f luorescentiJink^This , s 
state was, maintained, in the^water, t; When Ms.icolpr-fo 
change material ,1 :was^ immersed ilnj^OlC watei[, 2 ttie, &1 
reversibly mermochromic image ^ f^ttejrr y layer ;^?V ^ 
became cdpred. As a 'muC^ 
changed to an appearance bearing a polka dot pattern,^ 
of the fluorescent pink.xolor ^ibutole^to ^e|^non^ n 
color-changing image pattern layer 51 on a wavejHt: ;;T 
tern background of two colors, i.e., purple, color reciting ^ 
from the mixing of biue and fjuore^cenypink arrived ri * 
color resulting from^the j^Sa^^^^f^ fluores^ 
cent-pink. This state was mairtained in the Lwater. ^, . £ ^ Id 
[0160] ■ /This color-change material -1„was taken out of T1 
the water and allowed to stand at room temperature..As 
a result, the reversibly thermochromic jmage pattern i^j 
layer 21 was decolored, and the color-change material T c. 
in a still wet state changed its appearance from the x 
aforementioned state to a wholly p>ink state AJpon com^ 
pletion of drying, the color?change material ^came to j0 .t 
have an appearance bearing a fluorescent pink polka w 
dot pattern on a white background.^rjorio os f •■■'~ r [Tr^rn 
[0161] As demonstrated above, the color-change ,, 
material 1 could undergo a variety of changes in color ■■ 
tone and design according to temperature changes, 
wetting by a water medium, and drying. * . 
[01 62] These changes in appearance could be repro- \ 
duced reputedly. 
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EXAMPLE 10 (see Fig. 10) 



[0163] r A water-based screen printing ink (color-,;, 
changing material) prepared by stirring and homogeniz- - 
ing a mixture of 20 parts of a microcapsular pigment 
containing a reversibly thermochromic material encap - 
sulated therein (water content , 50 wt%; blue <-r* color- 
less; blue below 30°C, colorless at 30?C and higher), 1 0. _ 
parts of a wet-process finely .particulate silicic. acid ^ 
[trade name, Nipsil E-200; manufactured by Nippon Sil- (T 
ica Industrial Co., Ltd.] as a low-refractive-index pig-;-, 
merit, 45 parts of an aqueous urethane emulsion [trade^ 
name, Hydran AP-10; manufactured by Dainippon Ink & - :1 
Chemicals, Inc.] as a binder, 15 parts of .water, 3 parts <j 
of propylene glycol, 0.5 parts of a silicone arrtifoamer, 3,^ 
parts of a thickener for water-based inks, and 3.5 parts 
of a blocked isocyanate crosslinking agent for water-: . 
based inks was used to conduct solid printing through a- 
150-mesh screen stencil on the whole surface of a 50 , , 
nm-thick transparent poly(ethylene terephthalate) film 
as a substrate 4. The ink applied was cured and dried at . 
100°C for 3 minutes to form a color-changing porous . 
layer 6. Thus, a color-change material 1 was obtained. - 
[0164] vr, <The color-change material .l .was blue and 
opaque in a dry state at 24°C. However, when the color- - 
change.material 1 was heated to 30?C or higher with dry 
warm . air,* the color-changing . porous layer 6 was 
decolored and the color -change material 1 hence came , 
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into a white and opaque state. This appearance was -:~ 
maintained at temperatures not lower than 30°G. How- - 
ever, when the air blowing was stopped and this color-* 
change material 1 cooled clown to below 30 C C, then it : 
returned to the original bSue and opaque state; ^ ci ' 5 
[0165] When the cdor-change material 1 was 
immersed in 40°C warm water, the color-changing* ^ 
porous layer 6 was' decolored and the color-change 
material 1 came into a colorless and translucent state. 
This state was maintained in the warm water. When this 10 
color-change material 1 was immersed in 20°C water J 
the color-changing porous layer 6 turned blue and, 
hence, the colorless and translucent state changed to a ' 
blue and translucent state. When this color-change ' 
material 1 was taken out of the water and allowed to is 
stand, transparency was gradually lost with drying. 
Upon complete drying, the color-change material -1 - 
returned to the blue and opaque state. 
[0166] As demonstrated above, the color-change 
material 1 could undergo a variety of changes in color 20 
tone according to temperature changes, wetting by a 
water medium, and drying, - 

[0167] These changes in appearance could be repro- 
duced repeatedly. 

[01 68] The degree of transparency cf the above trans- 25 
lucent color-change materia! 1 was sufficient for an arti- 
cle, etc. placed on the back of the color-change materia! 
1 to be perceived. 

EXAMPLE 11 (see Fig. 11) 30 

[0169] A pink water-based screen printing ink pre- 
pared by stirring and homogenizing a mixture of 10 
parts of a pink fluorescent pigment [trade name, 
Epocolor FP-10; manufactured by Nippon Shokubai 35 
Kagaku Kogyo K.K.], 6C parts of an aqueous urethane 
emulsion [trade name, NeoRez-R972; manufactured by 
Zeneka K.K.], 10 parts of water, 5 parts cf ethylene gly- 
col, 0.5 parts of a silicone antifoamer for water -based 
inks, 3 parts of a thickener for water-based inks, 1 part 40 
of a leveling agent, and 2 parts of an epoxy crosslinking 
agent was used to conduct solid printing through a 150- 
mesh screen stencil on the whole surface of a 1 10 |in> 
thick white synthetic paper as a substrate 4. The ink 
applied was dried and cured at 80°C for about 5 minutes 45 
to form a pink non-color-changing layer 5. 
[0170] Subsequently* a water-based screen printing 
ink (color-changing material) prepared by stirring and 
homogenizing a mixture of 20 parts of a microcapsular 
pigment containing a reversibly thermochromic material so 
<**capsulated therein (water content, 50 wt%; blue < — » 
colorless; blue below 30°C t colorless at 30°C and 
higher), 10 parts of wet-process finely particulate silicic 
acid [trade name. Nipsi! E-?O0A; manufactured by Nip- ') 
pon Silica Industrial Co., lid.] as a low-refractive -index 55 
pigment, 45 parts of an aqueous acrylic emulsion [trade 
name, Movinyl 972; manufactured by Hoechst Gosei 
K.K.] as a binder, 1 5 parts of water, 3 parts of propylene * 



glycol, 0.5 parts of a silicone antifbamar, 3 parts of.aj.T. 
thickener for water-based inks, rand 3.5 parts, -of - a ;.< n 
blocked isocyanate crosslinking agent for water-based :o i 
inks was used to conduct solid printing through a 180-^] 
mesh screen stencil on the whole surface of. the non-^- 
color-changing layer 5. t The ink applied was dried and^ 
cured at 100°C for 3 minutes to form a color-changing ' 
porous layer 6. Thus, a color-change material 1 was ; 
obtained. i f — . t: - : -j- -hr^or'wcii v&h\$*&\ -v 
[01 71 ] When the color-change materia! 1 was held at ^ ; 
24°C, the color- changing porous layer 6 was Wue^Mcw- r :j 
ever, upon heating to 30°C or higher with dry hot at the t 
blue color was bleached, resulting in a white state The 
color-change material 1 was in this state at tempera- ,\ 
tures not lower than 30°C. However, when the air blow- 
ing was stopped and this color-change material ,1 
cooled down to below 30°C, it recovered the original , ts- 
blue color. - .-. - *- *'■,' - ■ - * {-<■„>.;; ^r'^.r irn-.*. 
[0172] When the color-change material 1 was - 
immersed in 40°C warm water, the color-changing :T 
porous layer 6 lost the blue color and became translu— D ; 
cent and, hence, the pink color of the non-color-chang-^ 
ing layer 5 was perceived. This state was maintained in i 
the 40°C warm water. Thereafter,* this color-change - 
materia! 1 was taken out of the 40°C warm water and 
immersed in water having a temperature of about 20°C. 
As a result, the color-changing porous layer 6 came into 
a blue and translucent state, whereby the color-change - 
material 1 assumed purple color resulting from the mix- 
ing of blue and pink. This color-change. material 1 was.-, 
taken out of the water and allowed to stand at room tern- s 
perature. As a result, the color-changing porous layer 6 - 
gradually became opaque with drying and, hence, the '■■ 
purple color gradually changed into blue.. Upon com-^ 
plete drying, the color-change material 1 recovered the 
original blue color. • - vc^_ . ic. . 0" 

[0173] As demonstrated above, the color-change 
material 1 could undergo a variety of changes in color 
tone according to temperature changes, wetting by a 
water medium, and drying. . ^, v . ~ , r ^ 
[0174] These changes in appearance could be repro- ^ 
duced repeatedly. - 

EXAMPLE 12 (see Rg. 12) v : : — .„ v < 

• ... . • ; ■: --s - -:>r j U ■; v v ; : - \ 
[01 75] A butterfly pattern was printed on a yellow pol- , 
yester satin as a substrate 4 through a 180-mesh : 
screen stencil using a pink water-based screen printing 
ink (color-changing material) prepared by stirring and 
homogenizing a mixture of 15 parts of a microcapsular . 
pigment containing a reversibly thermochromic material 
encapsulated therein (water content 50 wt%; pink «— » 
colorless; pink below 28°C. colorless at 28*C and 
higher), 15 parts of dry-process finely particulate silicic . 
acid [trade name, Aerosil OX50; manufactured by Nip- 
pen Aerosil Cc M Ltd.] as a low-refractive-index pigment,* 
40 parts of an aqueous urethane emulsion [trade name, 
Hydran HW930; manufactured by Dainippon Ink & 
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Chemicals, Inc.] as a binder, 15 parts of water, 3 parts 
of propylene glycol, 0.5 parts of a silicone antifoamer, 3 
parts of a thickener for water-based inks, and 4.0 parts : 
of a blocked isocyanate crosstinking agent for water- ;: 
based inks, ..and, further -using a, blue ;water-based 75 
screen printing ink (colorrchanging material) prepared ;; , 
in the same manner as the above excellent that Lee was - ; 
made of 1 5 parts of a microcapsular pigment containing 
a reversibly thermochromic . material encapsulated r_ 
therein (water content, 50 wt%; blue colorless; blue 10 
below 28°C, colorless at 28°C and higher). The inks ; 
applied were cured and dried at 130?CMor 3 minutes to r a 
form a color-changing porous image pattern layer 61 .-v 
Thus, a color-change material 1 was obtained. . j 3 , : : 
[0176] The color-change material 1 at 24»C had an is 
appearance bearing a butterfly pattern of pink and blue 
colors on a yellow background. However, upon heating 
to 28°C or higher by a finger touch, the color-changing 
porous image pattern layer 61 was decolored and the 
butterfly pattern hence turned white. This state was 20 
maintained at temperatures not lower than 28°C. How- 
ever, when this color-change material 1 cooled down to 
below 28°C, it recovered the butterfly pattern of pink and ; 
blue colors. 

[01 77] Subsequently, the color-change material 1 was 25 
immersed in 35°C warm water. As a result, the color- 
changing porous image pattern layer 61 was decolored 
and became translucent, resulting in a wholly yellow 
appearance. This state was maintained in warm water, 
having a temperature of 28°C or higher. This color- 30 
change material 1 was taken out of the warm water and 
immersed in water having a temperature of about 20°C. 
As a result, the color-changing porous image pattern 
layer 61 became colored, and a butterfly pattern 
appeared which had two colors, i.e., red color resulting 35 
from the mixing of pink and yellow and green color 
resulting from the mixing of blue and yellow. This color- 
change material 1 was taken out of the water and 
allowed to stand at room temperature. As a result, the 
color tones of the butterfly pattern changed with drying, 40 
and upon complete drying, the color-change material 1 
recovered the butterfly pattern of pink and blue colors 
on a yellow background. * ' • " \* - ~ : ;s* w : s » - 
[0178] As demonstrated above, the color-change'.: 
material 1 could undergo a variety of changes in 45 
appearance according to temperature changes, wetting 
by a water medium, and drying. . x , ; " .;: ■ h :■' ' 
[01 79] These changes in appearance could be repro- 
duced repeatedly. * ' • ■ •" ■* ' 

50 

EXAMPLE 13 (see Fig. 13) 

[0180] On a 1 10 jim-thick white synthetic paper as a 
substrate 4 were printed, through a 150-mesh screen 
stencil, a heart pattern and a star pattern respectively " ss 
using: a pink water-based screen printing ink prepared 
by stirring and homogenizing a mixture of 10 parts of a 
pink fluorescent pigment [trade name, Epocolor FP-10; 
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manufactured by Nippon Shokubai Kagakufogyo„K.K.] r;Sr f 
60 parts of an aqueous urethane emulsion [trade namenso 
NeoRez-R972; manufactured by Zen^^J^IO.parte,}^ 
of water, 5 parts of ethylene' g!ycol, t 0.5.pa.rts,pf a |fli- A i m 
cone antifoamer for water-based inks, 1 3 parts of a ttiickjgei 
ener for water-based inks, 1 part of a leveling ag^andjio 
2 parts of an epoxy crosslinking agent; .and aryeliow^B 
water-based screen printing ink prepared by stirring and * w 
homogenizing a mixture of JO.parts of, a yellow^luore^xiu 
cent pigment [trade name,- Epocolor. r!g:1 17; manufecqai 
tured by Nippon ^Shokubai Kagaku : Kogyo a KK.],i t 60^j 
parts of an aqueous ureth^e emulsion [trade name, :rn 
NeoRez-R972; manufactured by ZeneteK.KJ, 10 parte gs 
of water, 5 parts of ethylene glycoCo.5 parts. ojU sflh vrJ 
cone antifoamer for water-based inks, 3 parts of a thick-^i 
ener for water-based inks, 1 part of a leveling agent and 
2 parts of an epoxy crosslinking agent The inks applied 
were dried and cured at 60°C for about 5 minutes jo^ 3 
form a non-color-changing image pattern layer 51 . 
[0181] r Subsequently, a water-based screen printing 0] 
ink (color-changing material). prepared, by, stirring :andjm 
homogenizing a mixture of 20 parts of a microcapsular,^ , 
pigment containing a reversibly thermochromic materia]^ 
encapsulated therein (water content, 50 wt%; blue < — » c 
colorless; biue below 30°C. colorless at 30°C and vr- 
higher), 10 parts of wet-process finely particulate silicic 
acid [trade name, Nipsil E-200A; manufactured by Nip-, , 
pon Silica industrial Co., Ltd.] as a low-refractive-index 
pigment, 50 parts of an aqueous urethane emulsion 
[trade name. Hydran ,AP-20; manufactured by.Dainip- .3 
pon Ink & Chemicals, jnc.] as a binder, 15 parts otjj 
water, 3 parts of propylene glycol, 0.5 parts of a silicone^ 
antifoamer, 3 parts of a thickener for water-based inte; :iT . 
and 3.5 parts of an epoxy crosslinking agent ;for,water:Gq 
based inks was used to cortduct solid printing through a 
109-mesh screen stencil on the whole surface of the^d 
non-color-changing image pattern .layer, 51 . ^The , ink u 
applied was cured and dried at 70°C for, 3 minutesjo: j 
form a color-changing porous layer 6.;j.Thus,-ajcolor:^D 
change material 1 was obtained.;:,v bbi i&rfj raiox^ svocs 
[0182] The color-change material 1 was wholly blue at :o 
24°C. However, upon heating to 30°C or higher with dry,-;: 
hot (r air,*; the : color-changing :porous^layervr6 was |^ 
decolored, resulting in a .wholly white ^ appearance>^isSB 
state was ,maintained at temperatures not lower than/p 
30°C. However, when the air blowing was stopped and x\ 
this color-change material >.1> cooled down to below ^ 
30°C, it recovered the original blue cblpr^^^!^ no 
[0183] Subsequently, the color-change material 1 was m 
immersed in 40°C warm water. As a result, .the color- ;■ 
changing porous layer 6 was decolored and became 
translucent, whereby the color-change material 1 came t . 
to have an appearance bearing a pink heart pattern and ;t 
a yellow star pattern on a white background. This state ^ 
was maintained in the 40°C warm water. . When this * 
color-change material 1 was taken out of the 40°C warm z 
water and immersed in tap water having a temperature * 
of about 20°C, the color-changing porous layer . 6 . 
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became colored and the color-change materia! 1 hence 
came to have an appearance bearing on a blue back- 
ground a heart pattern of purple color resulting from the 
mixing of blue and pink and a star pattern of green color 
resulting from the mixing of blue and yellow. This color- 
change material 1 was taken out of the tap rater and 
allowed to stand at room temperature. As a result, the. 
whole surface gradually turned blue with drying, and 
upon complete drying, the color-change material 1 
returned to the original wholly blue state. ^ u : . ' 
[0184] As demonstrated above; the color-change 
material 1 could undergo a variety of changes in 
appearance according to temperature changes, wetting 
by a water medium, and drying. 
[0185] These changes in appearance could be repro- 
duced repeatedly. 

EXAMPLE 14 (see Fig. 14) 

[0186] A wave pattern was printed through a 150- 
mesh screen stencil on a 40-denier nylon tricot of fluo- 
rescent pink color as a substrate 4 using a yellow water- 
based screen printing ink (color-changing materia!) pre- 
pared by stirring and homogenizing a mixture of 15 
parts of a microcapsular pigment containing a reversibly 
thermochromic material encapsulated therein (water 
content, 50 wt%; yellow < — > colorless; yellow below 
15°C, colorless at 15°C and higher), 15 parts of wet- 
process finely particulate silicic acid [trade name, Nipsil 
E-1011; manufactured by Nippon Silica Industrial Co., 
Ltd.] as a low-refractive-index pigment, 35 parts of an 
aqueous acrylic emulsion [trade name, Movinyl 700; 
manufactured by Hoechst Gosei K.K.] as a binder, 15 
parts of water, 3 parts of propylene glycol, 0.5 parts of a 
silicone antifoamer, 3 parts of a thickener for water- 
based inks, and 3.5 parts of a blocked isocyanate 
crosslinking agent for water-based inks, and further 
using a blue water-based screen printing ink (color- . 
changing material) prepared in the same manner as the 
above except that use was made of 1 5 parts of a micro- 
capsular pigment containing a reversibly thermochromic 
material encapsulated therein (water content 50 wt%; 
blue < — > colorless; blue below 15°C, colorless at 15°C 
and higher). The inks applied were cured and dried at 
100°C for 3 minutes to form a color-changing porous 
image pattern layer 61. v . i >; , 

[0187] Furthermore, a polka dot pattern was printed 
on the color-changing porous image pattern layer 61 
through a 180-mesh screen stencil using a pink water- 
based screen printing ink prepared by stirring and 
homogenizing a mixture of 1 0 parts of a fluorescent pink 
pigment [trade name, Epocolor FP-1000N; manufac- 
tured by Nippon Shokubai Kagaku Kogyo Co., Ltd.], 60 
parts of an aqueous acrylic emulsion [trade, name, 
Polyso! AP-50; manufactured by Showa Highpolymer 
Co., Ltd,], 10 parts of water, 5 parts of ethylene glycol, 
0.5 parts of a silicone antifoamer for water-based inks, 3 
parts of a thickener for water-based inks, 1 part of a lev- 



eiing agent, and 2 parts of an isocyanate crosslinking ;r 
agent. The ink applied was cured and dried at 1 30°C for \c 
3 minutes to form a non-color-changing image pattern sq 
layer 51 . Thus, a color-change material 1 was obtained, to 

s [01 88] The color-change material i at about 24°C had 

an appearance bearing a fluorescent pink polka dot pat-:¥ ; 
r tern on a* white background. However/upon cooling with 
cold air to below 1 5°^ the white background part - 
became a wave pattern of yellow and blue colors. This j: 

10 state was maintained at temperatures not higher than v : ^ 
1 5°C. However, when the cooling was stopped and this W 
color-change material 1 was allowed to stand at room -;~ 
temperature, the wave pattern part returned to white. f .*r<ii 
[0189] Subsequently, the color-change material 1 was • 

is immersed in water having a temperature of about 20°C* * ^ 
As a result, the color-changing porous image pattern . 
layer 61 was decolored and became translucent and,--; 
hence, the color of the non-color-changing image pat- c r 
tern layer 51 combined with the color of the substrate 4 . . 

20 made the whole surface fluorescent-pink. This state -h 
was maintained in the water. However, when this colors 
change material 1 was immersed in.10?C ice water, the v < 
color-changing porous Image pattern layer 61 became io 
coiored. As a result, the above state was changed to an 

25 appearance bearing a polka dot pattern of the fluores- 
cent pink color attrtoutable to the non-color-changing 
image pattern layer 51 on a wave pattern background of 
two colors, i.e., purple color resulting from the mixing of . 
blue and fluorescent-pink and red color resulting from . 

30 the mixing of yellow and fluorescent-pink.. This state - 
was maintained in the 10°C ice water. - . ^ t: . 
[0190] This color-change material 1 was taken out of 
the ice water and allowed to stand at room temperature. 
As a result, the color-change material 1 in a still wet > 

35 state changed its appearance from the aforementioned 
state to a wholly pink state. Upon completion of drying, 
the color-change material 1 came to have an appear;, 
ance bearing a fluorescent pink polka dot pattern on a ■ 
white background. - • :■; -r^- \ > < o v 

40 [0191] As demonstrated above, the color-change 
material 1 could undergo a variety , of changes , in , 
appearance according to temperature changes, wetting : 
by a water medium, and drying. ,^;ct t ^ ^ • 
[01 92] These changes in appearance could be repro^ : \ 

45 duced repeatedly. .'*'■"<■- ? 

■ ■ ^^.:;-\^L!or;t . .v; 

EXAMPLE 15 (see Fig. 15) vv . i. v, : , , *; \,j 

[0193] A flower pattern was screen-printed on a 50- : - 
so denier white polyester tricot as a substrate 4 with water- 
based orange, pink, blue, yellow, and green inks for fab- 
rics. The inks applied were dried and cured at 1 20°C for 
about 3 minutes to form a norvcolor-changing image 
pattern layer 51. * v :c ; ft, \ 

55 [0194] Subsequently, a reversibly thermochromic blue 
water-based screen printing ink (color-changing mate- . 
rial) prepared by stirring and homogenizing a mixture of 
25 parts of a microcapsular pigment containing a 
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reversibly thermochromic material encapsulated therein ^ 
(water content 50 wt%; blue < — > colorless; blue below a 
30°C, colorless at 30°C and higher), 50. parts of an $1 
aqueous acrylic, emulsion [trade ..name, Movinyl 967^-., 
manufactured by Hoechst Gosei k-KJ as a binder t ^5 ..5 
parts of water, 3 parts of propylene glycpi, 0.5 gals of a 
silicone antifoamer, 3 parts a of a thickener t for watery; 
based inks, and 5.0 parts of a* blocked isocyanate^ 
crosslinking agent for, water-based inks was used to r 
conduct solid printing through a 80;mesh screen stencil r w 
on the whole surface of the non-color^changing image, 
pattern layer 51 . The ink applied was dried and cured at 
1 20°C for 3 minutes to form a reversibly thermochromic 
layer 2. : •. ■* , v-y; ^V'm:.;. 

[0195] Furthermore, a heart pattern was printed on 15 
the reversibly thermochromic layer 2 through a 150- 
mesh screen stencil using a pink water-based screen ; 
printing ink (color-changing material) prepared by stir- 
ring and homogenizing a mixture of 30 parts of a micro- 
capsular pigment containing a reversibly thermochromic 20 
material encapsulated therein (water content, 50 wt%;., 
pink <— ► colorless; pink below 30°C, colorless at 30°C 
and higher), 15 parts of wet-process finely particulate >j 
silicic acid [trade name. Nipsil E-1011 ; manufactured by 
Nippon Silica Industrial Co.. Ltd.] as a low-refractiva- 25 
index pigment. 55 parts of an aqueous urethane emul- 
sion [trade name. Hydran HW-930; manufactured by 
Dainippon Ink & Chemicals, Inc.] as a binder, 10 parts of 
water, 3 parts of propylene glycol, 0.5 parts of a silicone 
antifoamer, 3 parts of a thickener for water-based inks, 30 
and 4.5 parts of a blocked isocyanate crosslinking agent 
for water-based inks. The ink applied was cured and 
dried at 100°C for 3 minutes to form a color-changing 
porous image pattern layer 61. Thus, a color-change 
material 1 was obtained. 35 
[0196] The color-change material 1 at 24*C had an 
appearance bearing a pink heart pattern on a blue 
background. However, when the color-change material 
1 was immersed in warm water having a temperature of 
about 40°C, then the reversibly thermochromic layer 2 40 
was decolored and the color-changing porous image 
pattern layer 6 was decolored and became translucent, 
whereby the colorful flower pattern attributable to the . 
non-color-changing image pattern layer 51 was per- 
ceived. This state was maintained in. the 40°.C warm 45 
water. However, when this color-change material 1 was 
immersed in water having a temperature of about 20°C, . 
the reversibly thermochromic layer 2 and the color- 
changing porous , image pattern layer 61 became 
colored. As a result, the above state was changed to an so 
appearance bearing on a blue background a heart pat- 
tern of purple color resulting from the mixing of pink and . 
blue. This state was maintained in the water. Subse- 
quently, this color-change material 1 was taken out of, 
the water and allowed to stand at room temperature. As . ss 
a result, the heart pattern gradually turned pink with dry- 
ing. Upon complete drying, the color-change material 1 
came to have an appearance bearing a pink heart pat- 
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tern on a blue background.^ m 2Z iern cm emsa era ni 
[0197] 1 As demonstrated above^the colorjchange ^ 
material vT„ could ^undergo - a -variety, of j changes £ in B 
appearance according to temperature changes, wetting ^ 
.by a water medium, and drying, ft; eaehowo ;3°08 wotod 
[0198] fwThese changes in appearance could ^reprq^ £ 
duced repeatedly. 4 e^o'icq 5*2'0 , v,ffcv.. 1 ,'jiDa".'j5 l '|^x^ 

EXAMPLE 16 (see Fig. 16) n ^ k ^ i0l00 ^ r ^ ]S<E0! 

: ■ t~ >o ne;t£a ic.a &h\Q§' .s^bnnfisd Bomvo&ctQB 
[0199], -Circular, triangular, and rectangular patterns ^ 

were printed on a white polyetter,6atin as a sutetrate^. f . 

through a 150-mesh screen stencil using water-bas^ c 

screen printing inks of pink, yefltow, and blue colors. TJie n ; 

inks applied were dried and cured at , 100°C for j> min% , 

utes to form a non-color-changing image pattern iayer^ 

51 ■ . > . ; * • . . . v * f i * t.Q ~ s rti ;i ; e ar.r itiB aic tco >fnio 
[0200] e Subsequently, a white jwater-based '^screen ^ 
printing ink prepared by stirring and homogenizing a^ 
mixture of 15 parts of wet-process finely particulate siK q 
icic acid [trade name, Nipsil ( Ej200^; manufa^r^by^j 
Nippon Silica indu^narCo.,'^] as^i^f^a^^ 
index pigment, 30 parts of an i.aque(ws t ^ 
sion [trade name, Hydran HW-920; manufactured by . 
Dainippon Ink & Chemicals. Inc.] as a binder, 20 parts of ^ 
water, 3 parts of propylene glycol, 0.5 parts of a silicone : 
antifoamer. 3 parts of a thickener for water^ased inks, 
and 3.0 parts of a blocked isocyanate crosslinking agent. .. 
for water-based inks was used t to conduct printing 3 
on the non-cdor-changing [mage -pattern, layer -51 » 
through a 100-mesh screen stencil, the ink applied I was 1 
cured and dried at 130°C for 3 minutes tc form a ^rous 6 

layer 3. z-ristFC] e srlvv soncnsdoB 

[0201] . Furthermore, a polka dot pattern was ^rinted. j 
through a 150-mesh screen stencil on the porous layer 
3 using: a yellow wate ; j^ed^ ink(oolw^j 
changing material) prepared by stirring a^homogenlz-; 
ing a mixture of 15. parte ota rrcc^^ 
containing a reversibly mVmochromic materj^^cayp^ 
sulated therein (water ^mnter^^^^^^yellpw ( ^r> ( j 
colorless; yellow below 30°C, ccloriess at 30°C anV, 
higher), 15 parts of wet-process finely particulate silicic 
acid [trade name, Nipsil E-1011;* manufactured by Nip^ 
pon Silica Industrial Co., Ltd.] as a low-refractive-ind©c 
pigment, 35 parts of an aqueous' urethane emulsion , 
[trade name, Hydran^lW^92p; t manufac^ai by Dainip- 
pon. Ink & Chemicals, Inc.] as a^binder, 0 15 parts ^of^ 
water, 3 parts of propylene glycol, 0.5 parts of a silicone 
antifoamer, 3 parts of a thickener ^for water^based inks, f 
and 3.5 parts of a blocked isocyanate crosslinking agent 
for water-based inks; a blue water-based screen print- 
ing ink (color-changing material) prepared in the same 
manner as the above except that use was rnade of (f 15 : 
parts of a microcapsular pigment containing a rwersibly 
thermochromic material encapsulated, herein (water 
content, 50 wt%; blue < — > colorless; blue below 30°C, 
colorless at 30°C and higher); and a pink water-based 
screen printing ink (color-changing material) prepared 
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in the same manner as the above except '«hai use'was 
made of 1 5 parts of a microcapsule' psgr nsr* containing 
a reversibly thermochromic* malaria! encapsulated » 
therein (water content. 50 wt%; pink«^-» colorless; pink : 
below 30°C, colorless at -3C°C and higher). The inks 5 
applied were cured and dried at 100°C for 3 minutes to vi 
form a color-changing porous image pattern layer 61. ' 
Thus, a color-change material 1 was obtained. 
[0202] The color-change material 1 at 24°C had an 
appearance bearing a polka dot pattern on a white io 
background. However, iipon immersion in warm water ^ 
having a temperature of about 40°C, the porous layer 3 
became translucent and the color-changing porous" 
image pattern layer 61 was decolored and became 
translucent. As a resuit, the color-change material 1 is 
came to have the colorful pattern of ye! lew, blue, and 
pink colors attributable to the non-color-changing image 
pattern layer 51 . This state was maintained in the warm 
water. However, upon immersion in water having a tem- 
perature of about 20°C, the color-changing porous 20 
image pattern layer 61 became colored. As a result, the 
color-change material 1 came to have a design where 
circular, triangular^ and rectangular patterns coexisted 
with a polka dot pattern. With respect to color tones, the ' 
areas where pink and yellow were superposed on each 25 
other assumed red color, those where pink and blue 
were superposed on each other assumed purple color, 
and those where yellow and biue were superposed on 
each other assumed green color. 
[0203] The color-change material 1 was taken out of 30 
the water and allowed to stand at room temperature. As 
a result, the color-change snateriai 1 for a while had an 
appearance where those patterns coexisted. Upon dry- 
ing, however, it came to have an appearance bearing a 
polka dot pattern on a white background. 35 
[0204] As demonstrated above, the color-change 
material 1 could undergo a variety of changes in 
appearance according to temperature changes, wetting 
by a water medium, and drying. 

[0205] These changes in appearance could be repro- <o 
duced repeatedly. 

COMPARATIVE EXAMPLE 1 "'*'' r - ' 

[0206] A reversibly thermochromic screen printing ink 45 
prepared by stirring and homogenizing a mixture of 10 
parts of a microcapsuiar pigment containing a thermo- 
chromic color-merrtory material encapsulated therein 
(blue < — > colorless; blue at 1 5°C and lower, colorless at 
30°C and higher), 10 parts of an acrylic ester emulsion so 
(solid content, 50%), 0.2 parts of a silicone antifoamer, 
1 part of water, 0.5 parts of ethylene glycol, 0.5 parts of 1 
a thickener, and 0.5 parts of an isocyanate crosslinking 
agent was used to conduct solid printing through a 109-' 
mesh screen stencil on the whole surface of a pink ss 
nylon taffeta as a substrate. The ink applied was dried 
and cured at 130°C for 5 minutes to form a reversibly 
thermochromic layer. Thus, a color- change material 
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was obtained. *■ --'.^v i~*;rtr>~ r..rr:G •ruicrmcrij ytajgiav&i 
[0207] " " Upon cooling to 15°C or lower, the* color-;,) 
change material assumed purple color resurtirig*fr6m0£ 
the mixing of the pink of the substrate and the bluets 
the reversibly therm^romiclay^This color tone was*m 
maintained in a temperature range below 30°C. 0pciv>% 
heating to 30°C or higher, the reversibly thermochromip|£ 
layer became colorless and the pink color of the sub-5r 
strate was perceived. This color tone was maintained in " 
a temperature range above 15°C: However, the number^ 
of possible changes in color tone was only two and the** 
variation was limited.^ ~- v -~ <*> - ^ ? f V • ' r ^v^f^u c 

COMPARATIVE EXAMPLE 2 --V>";- ■ 

[0203] A white screen printing ink prepared by stirring \ 
and homogenizing a mixture of 15 parts of a fine silica, r 
powder [trade name, Nipsil E-1 011 /manufactured byia 
Nippon Silica Industrial Co., Ltd.], 45 parts of a polycar-,h 
benats urethane emulsion (solid contentr 30%), :20:c 
parts of water, 0.2 parts of a silicone antrfoamer, 3 parts -n 
of ethylene glycol, 3 parts of a water-soluble thickener, iq 
and 1.5 parts of a blocked isocyanate crosslinking agent £ 
was used to conduct printing through a 180-mesh ? 
screen stencil on a pink nylon taffeta as a substrate. The /. 
ink applied was dried and cured at 130°C for 5 minutes^ 
to form a white porous layer. Thus, a color-change ? 
material was obtained. *•" ^ . - • -.~v:' ,r v:l 
[0209] The color-change material in a dry state was 
white. When the color-change material was brought into r 
contact with water, then the porous layer became trans- £ 
parent and the pink color of the substrate was.<per-^ 
ceived. However, the number of possible changes in 
color tone was only two and the variation was limited. >o 0 
[021 0] The present invention provides: a color-change . • 
materia! having a reversibly thermochromic layer and a j 
porous layer which contains a low-refractive-index pig- .j 
merit and is capable of becoming transparent or translu- ? 
cent upon liquid., absorption; and a - color-change 
material having a substrate and formed thereon a color: . 3 
changing porous layer which contains a reversibly ther-^ 
mochromic material, a low-refractive-index pigment,: 
and a binder and in which the reversibly thernrKWhronrtiC;, 
materia! and the pigment are dispersed in the,bindern 
and tenaciously adherent thereto. These color-change^ 
materials can effectively exhibit a variety*, of * color * 
changes based on a combination of the function of ther-r 
mally changing their colors with changing temperatures 
in an ambient-temperature range and the function of; 
changing the degree of transparency between a transr . 
parent state and an opaque state upon application of a 
medium, e.g., water. Since these changes in appear- 
ance can be reversibly reproduced repeatedly, the 
color-change materials can be used in applications in - 
the fields of toys, designs, fashion, ornaments, etc. . 
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Claims 

1. A color-change material comprising a reversibly 
thermochromic layer comprising a reversibly ther- 
mochromic material and a porous layer containing 
a low-refractive-index pigment; 

wherein said color-change material changes its 
color in response to heat or water. 

2. The color-change material according to claim 1, 
wherein the reversibly thermochromic layer and the 
porous layer containing a low-refractive-index pig- 
ment are superposed on each other. 

3. The color-change material according to claim 1, 
wherein the reversibly thermochromic layer and the 
porous layer containing a low-refractive-index pig- 
ment are formed side by side. 

4. The color-change material according to claim 1 , fur- 
ther comprising a substrate, wherein the reversibly 
thermochromic layer is formed on the substrate, 
and the porous layer is formed on the reversibly 
thermochromic layer. 

5. The color-change material according to claim 4, fur- 
ther comprising a reversibly thermochromic image 
pattern layer formed on the porous layer. 

6. The color-change material according to claim 1 , fur- 
ther comprising a substrate, wherein the porous 
layer is formed on the substrate, and the reversibly 
thermochromic layer is formal on the porous layer. 

7. The color-change material according to claim 6, fur- 
ther comprising a porous image pattern layer 
formed on the reversibly thermochromic layer. 

8. The color-change material according to claim 1, 
wherein at least one of the reversibly thermochro- 
mic layer and the porous layer is an image pattern 
layer. 

9. The color-change material according to claim 2, fur- 
ther comprising a substrate, wherein the reversibly 
thermochromic layer is formed on the substrate, 
and the porous layer is formed on the reversibly 
thermochromic layer. 

1 0. The color-change material according to claim 9 ( fur- 
ther comprising a reversibly thermochromic image 
pattern layer formed on the porous layer. 

1 1 . The color-change material according to claim 2. fur- 
ther comprising a substrate, wherein the porous 
layer is formed on the substrate, and the reversibly 
thermochromic layer is formed on the porous layer. 



12. The color-change material according to claim JI1, 
further comprising a porous image pattern : layer 
formed on the reversibly thermochromic layer. 

. • m;r.to c* pricaoocs icftstem 9gn6riiKKjfao snT 
5 13. A color-change material , comprising ^a^ubstnate 
and formed thereon a,c»lor-changing porous Jayer 
which comprises a reversibly thermochromic mate- 
rial, a iown-efractive-indax pigment, and & binder^ # 
^ the reversibly, thermochromic materia! and the pig- 
w ment being dispersed in the binder and tenaciously 
adherent thereto. " W ^ : * 

14. The cola-change material according to daim 9, 
wherein the proportion of the reversibly thermo- 

is chromic material to the low-refractive-index pig- 
ment is from 1 :9 to 9:1 by weight. 

15. The color-change material according to claim 9, 
wherein the proportion of the sum of the reversibly 

20 thermochromic material and the low-refractive- 
index pigment to the binder is from 2:10 to 10:2 by 
weight. 

16. The color-change material according to claim 1, 
25 wherein said reversibly thermochromic material 

contains an electron-donating color-developing 
organic compound, an electron-accepting com- 
pound, and an organic compound medium which 
reversibly causes color reaction. 

30 

17. The color-change material according to claim 16. 
wherein said reversibly thermochromic material is 
enclosed by a microcapsule. 

35 18. The color-change material according to claim 16, 
wherein a particle diameter of said reversibly ther- 
mochromic material is in the range of 0.1 to 100jim. 

19. The color-change materia! according to claim 18, 
40 wherein a particle diameter of said reversibly ther- 
mochromic material is in the range of 1 to 50jim. 

20. The color-change material according to daim 19, 
wherein a partide diameter of said reversibly ther- 

45 mochromic material is in the range of 2 to 30nm. 

21. The color-change material according to claim 1, 
wherein said reversibly thermochromic layer com- 
prises said reversibly thermochromic material and a 

so vehicle containing a binder, said reversibly thermo- 
chromic material being dispersed into said vehide. 

22. The color-change material according to daim 21, 
wherein said binder is a transparent film-forming 

55 resin, 

23. The color-change material according to claim 1, 
wherein said porous layer is a layer containing said 
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low-refractive-index pigment dispersed in a binder 
resin. 

24. The color-change material according to claim 1, 
wherein a refractive index of said low-refractive- s 
index pigment is in the range of 1 .4 to 1 .7. 

25. The color-change materia! according to claim 1 ; 
wherein a particle diameter of said low-refractive- 
index pigment is in the range of 0.03 to 10.0|tm. io 



22 



EP 0 919 604 A2 



FIG. 1 




FIG. 2 




FIG. 3 



FIG. 4 




23 




24 



EP 0 919 604 A2 






EP0 919 604A2 



FIG. 13 , 

/ 




EP 0 919 604 A2 




FIG. 18 



SURFACE 




27 



0 




THIS PAGE BLANK (U8PT0) 



(19) 



EuropSisches Paterrtamt - 
European Patent Office 
Office europeen des brevets 



(11) 



EP 0 919 604 A3 



(12) 



EUROPEAN PATENT APPLICATION 



(88) Date of publication A3: 

22.09.1999 Bulletin 1999/38 

(43) Date of publication A2: 

02.06.1999 Bulletin 1999/22 

(21) Application number: 98120199.9 

(22) Date of filing: 30.10.1998 



(51) intCL 6 : C09K9/02, B44F 1/08, 

^ . G01K11/16^^ : :" r " 




.'•-1 * *-fy- i~-}£-,i t ; 



(84) Designated Contracting States: 

AT BE CH CY DE DK ES R FRGB GR IE IT LI LU 
MCNLPTSE 

Designated Extension States: 
ALLTLVMKROSI 

(30) Priority: 31.10.1997 JP 31621097 
31.08.1998 JP 26247398 



(71) Applicant: r , , : .v ( , 
THE PILOT INK CO., LTD. T : : 
Nagoya-shi, Aichi-ken (JP) 

(72) Inventor: Nakashima, Akio . , , - JtZ v 
Showa-ku, Nagoya-shi, Aichi (JP) - j 

(74) Representative: HOFFMANN - EITLE 
Patent- und RechtsanwSite - , 
Arabellastrasse 4 
81925 Munchen (DE) 



(54) Color-change materials 

(57) A color-change material has a reversibly ther- 
mochromic layer and a porous layer containing a low- 
refractive-index pigment. The color-change material 
changes its color in response to heat or water. The 
reversibly thermochromic layer and the porous layer are 
superposed on each other, or the reversibly thermo- 
chromic layer and the porous layer are formed side by 
side. Alternatively, a color-change material has a sub- 
strate and formed thereon a color-changing porous 
layer including a reversibly thermochromic material, a 
low-refractive-index pigment, and a binder. The reversi- 
bly thermochromic material and the pigment are dis- 
persed in the binder and tenaciously adherent thereto. 



vim :i 1 



CO 

< 

o 

CD 
O) 

5> 

o 

LU 



Printed by Xeroc* (UK) Business Services 
2.16.7/3.6 



EP 0 919 604 A3 



—it-,..;' ?*&Y ** : 



European Patent EUROPEAN SEARCH REPORT - 
Office + ... 



Application Number 

EP 98 12 0199 





DOCUMENTS CONSIDERED TO BE RELEVANT 




Category 


Citation of document with indication, where appropriate, 
of relevant passages 


Relevant 
to claim 


CLASSIFICATION OF THE > 
APPLICATION <lntCL6) 


X 
A 


DATABASE WPI 

Section Ch, Week 9019 

Derwent Publications Ltd., London, GB; 

Class A21, AN 90-142343 

XP002110362 

& JP 02 086659 A (NIPPON OIL SEAL IND CO 
LTD), 27 March 1990 (1990-03-27) 
* abstract * 


13 
1 


C09K9/02 

B44F1/08 - : 

/^ftlVI 1 /ic 

uUlMl/lO 


X 

A 


DATABASE WPI 

Section Ch, Week 9635 

Hprwent Publications Ltd London. GB: 

Class A14, AN 96-344438 

XP002110363 

& JP 06 319987 A (ROKUSAKI T), 
22 November 1994 i 1994-11-22) 
* abstract * 


13 

1 




X 


US 4 925 727 A (GEN TAMAR G ET AL) 
15 May 1990 (1990-05-15) 
* example 10 * 


13 




A 


1 


TECHNICAL. FIELDS 
SEARCHED <lnt.Cl.6) 


A 


PATENT ABSTRACTS OF JAPAN 

vol. 014, no. 261 (C-0725), 

6 June 1990 (1990-96-06) 

& JP 02 074688 A (MATSUM0T0 YUSHI SEIYAKU 

CO LTD), 14 March 1990 (1990-03-14) 

* abstract * 


1,13 


C09K 

B44F ' ~ 
G01K 


A 


EP 0 665 119 A (PILOT INK CO LTD) 
2 August 1995 (1995-08-02) 
* the whole document * 


1,13 




A 


EP 0 595 577 A (PILOT INK CO LTD) 
4 May 1994 (1994-05-04) 
* the whole document * 


1,13 




The present search report has been drawn up for all claims 







Race of seaich 

THE HAGUE 



Datt o* comptetjon 61 fto search 

27 July 1999 



Examiner 

Shade, N 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken a Ion© 

Y : particularly relevant if combined with another 

document of the same category 
A : technological background 
O : non-written disclosure 
P : intermediate document 



T : theory or principle underlying the invention 
£ : earlier patent document, but published on, or 

after the filing date 
D : document cited in the application 
L : document cited for other reasons 



& : member of the same patent tamity, corresponding 
document 



2 



EP 0 919 604 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT rt > M „ A1 

ON EUROPEAN PATENT APPLICATION NO. EP 98 12 0199 



This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report 

The members are as contained in the European Patent Office EDP file on M . inMrmfliirin 

The European Patent Office is in no way liable for these particulars whtch are merely given for the purpose of information. 

27-07-1999 



Patent document 






Patent family 


Publication 


cited in search report 




date 






. date 


JP 2086659 


A 


27-03-1990 


NONE 






JP 6319987 


A 


22-11-1994 


NONE 






US 4925727 


A 


15-05-1990 


AT 


53664 T 


. 15-06-1990 






CA 


1200685 A 


18-02-1986 








EP 


0116584 A 


29-08-1984 








GB 


2128738 A,B 


02-05-1984 








GB 


2183034 A,B 


28-05-1987 








WO 


8400608 A 


16-02-1984 


JP 02074688 


A 


14-03-1990 


NONE 






EP 0665119 


A 


02-08-1995 


JP 


7179777 A 


18-07-1995 






JP 


8039936 A 


13-02-1996 








CA 


2138897 A,C 


25-06-1995 








DE 


69407154 D 


15-01-1998 








DE 


69407154 T 


26-03-1998 








US 


5558699 A 


24-09-1996 


EP 0595577 


A 


04-05-1994 


JP 


6135144 A 


17-05-1994 






CA 


2108839 A 


27-04-1994 








US 


5490956 A 


13-02-1996 



u For more details about this annex : see Official Journal of the European Patent Office, No. 12/82 



3 



